Popular Astronomy. 


Vol. XII No. 9. NOVEMBER, 1904. Whole No. 119, 


DOUBLE CANALS AND THE SEPARATIVE POWERS OF 


PERCIVAL LOWELL. 


FoR POPULAR ASTRONOMY. 

That the double canals ot the planet Mars are not optical 
products of interference like the spurious disk and rings made by 
an ordinary star in the focal plane of a telescope appears, both 
theoretically and practically, from an investigation directed to 
that end and published in Bulletin No. 5 of this observatory. In 
other words the phenomena are independent of the so-called 
separative power of the glass employed to their detection. 
Surprise, nevertheless, has been expressed that the distance be- 
tween the twin lines should at times be recorded as actually less 
than the so-called separative power of the instrument. Such 
surprise would be justified were it founded on a just conception 
of the capabilities of a glass. But such is not the case. The 
resolving or separating power of a telescope is not the meas- 
ure of its minimum divisihile as we may perhaps style its power 
of distinguishing detail. 

The so-called separative power of a glass depends upon thespu- 
rious disk. Owingto the mode of propagation of light the image 
made by a telescope of a point is not itself a point but a solid 
circle of illumination surrounded by concentric rings of light. This 
image is again affected in a somewhat similar manner by the 
pin-hole aperture between the ocular and the eye. In both the 
cause of spreading of the point into an area is the summation of 
the disturbances of all the little waves from every part of the 
grand wave-front. The analytical expression for this in the first 
case is 


sin x (vt — B) 2ef 1 .cosnw . dw 


In order to produce darkness the amount of motion in one direc- 
tion must be counterbalanced by that in the opposite one; the 
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particles must be in antagonistic phase. For this to be possible 
the paths of the rays must differ by half a wave-length and this 
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can only occur at a certain distance from the centre of the image. 
It will occur again a little farther out and so it will be repeated 
to infinity. That we see but a finite number of bright and dark 
rings is due to insensitiveness in the eye. A certain strength of 
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illumination is necessary before the retina can take cognizance of 
the stir. 

In order to show the state of things more immediately two 
diagrams have been prepared from the analytic expression for 
the amplitude of illumination at any distance from the centre of 
the image. In Fig. 1 we have the amplitude shown in elevation; 


in Fig. 2in plan. The intensity varies as the square of the am- 
plitude. 

In Fig. 1 a broken line parallel to the zero line of illumination 
appears cutting the amplitude curve. This line denotes the 
amount of illumination necessary to affect the eye. Anything 
less than this the eye regards as darkness. This line is therefore 
the zero line in practice. It is the see-level of observation. 

According as the point emitting the light be strong of brilliancy 
or weak, the amplitude curve will rise higher or less high. In the 
diagram curves are shown for three different intensities. Upon 
considering these curves we shall be aware of the relatively 
different physiognomy of each to the eye. The see-level being 
not at the absolute zero of effect the aspect of the disk and rings 
is materially modified by the actual intensity of the point. 

In the first place it appears that the maximum size of the 
spurious disk is strictly limited being solely a function of the 
aperture. But furthermore it appears that the spurious disk 
may be of any size less than this maximum down to absolute 
zero. There is therefore no such thing as a definite size of disk 
for a given aperture. The spurious disk cannot exceed a certain 
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quantity for a certain aperture but it may fall indefinitely below 
that amount. It cannot actually reach the zero limit, if it stand 
alone, because a certain volume of light is necessary to affect the 
eve; but if it form part of a surface there is no such limitation to 
its diminutiveness. Because then the retina is roused by the 
whole effect; just as deaf people hear better amidst much noise. 

Now what is known as the separative power of a telescope is 
the distance between the centres of two contiguous spurious 
disks. When two star-images are thus presented they are said 
to be separated. We see, then, that the separative or resolving 
power of a glass is not an absolute quantity but one dependent 
upon the brilliancy of the stars concerned. For faint stars it is 
higher than for bright ones. A glass which will not pull two 
stars of the third magnitude apart will more than do so for two 
of the ninth. What is usually given as the resolving power is a 
sort of mean value approaching, however, the maximum size of 
disk. 

Even with star-points, then, it is possible to separate below 
what the theory of spurious disks would permit, because the 
actual disks fail to occupy all the space they might. But in the 
case of an extended surface like that of a planet division may be 
carried much closer yet. For the eye can recognize a superficies 
of a brillianey far inferior to what would be needed to affect it 
coming trom a point’ The Moon may be seen by day while the 
stars are invisible yet the lustre of the latter vastly exceeds the 
albedo of the first. 

To convince himself practically of the change in size of the 
spurious disk with difference of brilliancy in the emitting point, 
one has only to view the reflection of the Sun from the side of a 
bottle and then diminish the brillianey of the reflection purposely 
or let nature do it for him. He will then note the gradual shrink- 
ing of the spurious disk and the concomitant widening at its ex- 
pense of the first dark ring, until from a very sensible expanse it 
seems hardly more than a point of ligit. 

For the separation of detail upon a planet’s disk, then, the so- 
called separative power of the telescope used becomes a meaning- 
less term. The possible resolution depends not upon the aper- 
ture but upon the separative power of the human eye or mini- 
mum visibile as it is called if the contrast suffice to show the 
detail at all. How near to its minimum of zero the spurious 
disk then becomes it is not possible to state but that it ap- 
proaches this limit is certain both from theory and _ practice. 

The minimum visibile, not the so-called resolving power of the 
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glass here becomes the essential factor to the minimum divisibile. 
Now the minimum visible of the human eye is commonly given 
as 1’ of are. In our experiments at Flagstaff we found that this 
could be lessened and that two lines could be seen apart by 
glimpses when the distance between them was narrowed to 45”. 

It is a curious and suggestive fact that in the human eye the 
cones should be arranged at just such a distance apart as not to 
disclose the spurious disk in the normal condition. For the 
maximum value for the spurious disk for the eye is 46” which is 
very near the limit for the minimum visibile. This maximum is 
only attained under very bright lights which was not of course 
the case at the time of the experiments with the double lines 
mentioned. 

Now in the case of the double canals whose distance apart 
elicited surprise the eye-piece used was one of 310 diameters. 
Dividing, then, 1’ by 310 we have for the width of a pair which 
should be visible, supposing the telescope as good as the naked 
eye 

0.19” or if we take 45” as 
minimum visibile 

0.15” 
That 0.23 of a second should have been detected is, therefore, 
not in truth surprising, though possibly creditable to the instru- 
ment. 

Paris, September 8, 1904. 


THE ULTIMATE MEASUREMENT OF GRADUATION 
ERRORS. 


R. H TUCKER. 


For POPULAR ASTRONOMY. 

In Meridian Circles of modern construction, and of the size 
generally in use, the circles are graduated usually with divisions 
2’ apart. The 10’ divisions are commonly longer than the inter- 
mediate ones, while the even degree divisions are of still greater 
length, and are numbered. 

The readings of the microscopes are made at the same point in 
the field of each, often marked by a fixed thread, perpendicular 
to the divisions, and to the threads actually used in making the 
readings. Hence no uncertainty in reading should arise from the 
divisions being of unequal length; and no loss of precision is 
likely to occur from lack of parallelism between the movable 
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threads and the divisions, though the former are carefully 
adjusted, to avoid any such inaccuracy. 

The readings are taken, by placing the close pair of movable 
threads on each side of a division, so that the spaces are as 
nearly equal as the eye can estimate them. There may be a 
tendency to estimate one space consistently smaller than the 
other. This error of estimate, which is systematic in character, 
is eliminated from any measure of a star’s position, and from the 
measurement of graduation error. For both classes of measure 
always consist of the difference of a reading upon some set of 
divisions of the circle, and either another such reading, or the 
mean of a number of readings. If all readings are subject to the 
same amount of systematic error, this will not affect the differ- 
ence. 

Except in zone work, which is done with great rapidity, and 
without aiming at the highest precision, four microscopes are 
usually read, at each observation. The eccentricity of the circle 
is eliminated, in effect, from the mean of the four microscopes, 
placed at points 90° apart. And the probable error of the read- 
ing of four microscopes is half that of a single microscope. Since 
corrections for the errors of graduation are desired, generally, 
for work of high precision only, the measurement of the gradua- 
tion error of the mean of four divisions is usually all that is re- 
quired. 

Some account of the process of measuring the graduation 
errors of the Repsold Meridian Circle, of the Lick Observatory, 
was given in this publication, last December. Before going into 
farther detail, the preliminary steps may be reviewed, again. 

By means of the movable circle, long ares of the fixed circle can 
be measured, with a perfect standard of comparison if the arc 
measured is an aliquot part of the whole circle. The first step 
was to measure the 45° ares. For this purpose each 45° are of 
the fixed circle. A, was compared with every 45° are of the 
movable circle, B. The sum of the eight 45° ares of B is a_per- 
fect circumference; and the error of any 45° are of A, which de- 
pends upon the mean of the eight ares of B, or one-eighth of a 
perfect circumference, has consequently been compared with a 
perfect standard of angular measure. 

The 15° ares of A have been similarly compared with the 15° 
ares of B. Since this subdivision into equal parts forms as long 
a series of measures as is advisable tomake consecutively, another 
process must be used for smaller ares. 

The 3° arcs were measured by making steps of 9° in length, be- 
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ginning, for different sets, at 0°, 3°, and 6°. The series first 
named will include 0° and 45°, which had been already deter- 
mined. The second will include 30° and 75°, also determined in 
the 15° series of measures. And the third will include 15° and 
60°. 

The investigation includes the measurement of the 3° ares of 
circle B, also, for the results serve equally well for both circles. 
Up to the completion of the 15° series, the ares of each circle 
have been measured with a perfect standard of comparison. For 
the 3° ares, the error of measurement of the respective 15 
divisions enters into the error of the result. 

This error of measure is an important consideration. It has 
been remarked that there is a possibility of carrying the measure- 
ment of graduation errors too far. This may evidently be true, 
if corrections are to be applied, which rest upon insufficient 
measures. In other words, if the probable error of the measure 
finally becomes too large, in proportion to the errer which we 
desire to correct. The determination of the probable error of 
measure is therefore desirable, at every step of the investigation. 

In the measure of the difference of two divisions, we must in- 
clude the probable error of the correction adopted for the divi- 
sion used as a base, to obtain a trustworthy value of the un- 
certainty of the final correction. The inclusion of the probable 
error of the standard begins, evidently, in the process tollowed 
here, at the measurement of the 3° ares. Each 3° division is 
measured from two 15° divisions, for which the probable errors 
of measurement are very small. 

The 1° divisions were determined by readings in short sets, ex- 
tending through three degrees, each set including a 3° division; 
or, in one set of every three, including two 3° divisions, at be- 
ginning andend. The probable error of measurement must be 
increased by the effect of the probable error of the corrections for 
the 3° divisions, to obtain the final probable error of determina- 
tion. 

The step down to each 10’ division was treated of, in detail, in 
the preceding article, mentioned above. From this point the 
ultimate measures of all the 2’ ares could be attained by the use 
of each circle by itself. Leaving the instrument stationary, one 
could measure from the 10’ divisions to any 2’ division, without 
using the micrometer microscopes over a greater distance than 
four minutes, or two revolutions each side of the centre of the 
field. This distance is commonly used in all observations, where 
readings are made upon two adjoining divisions, for purposes of 
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greater precision, and for the determination of the Runs correc- 
tion. If the method is to be used for measures of graduation 
errors, the Runs correction must be very precisely determined; for 
it enters with full effect, and is multiplied by the number of 
revolutions between the limiting divisions. This method could 
be employed, where a certain number of divisions are used, in 
work upon the Fundamental Stars. And as great a precision of 
measure could be reached, as would be desired, by making a large 
number of readings at each division. The final precision must 
always be limited, however, as has been plainly stated, by the 
precision of the measurement of the 10’ divisions. The measures 
could be made with great rapidity and convenience, measuring 
certain divisions with several repetitions, and then going over 
the same measures at another opportunity; for it is better to 
rary the conditions, to some extent, and not repeat the same 
measures a large number of times consecutively. 

While measuring any desired division, the determination of all 
of the divisions, included in ten minutes, could be made con- 
veniently. The instrument could be set so that two 10’ divisions 
would fall at equal distances, right and left of the centre of the 
field. This would require the use of the microscope micrometers, 
for a space of five revolutions, each side of the centre. In com- 
parison with the use of the filar micrometer, for measures of 
position with an Equatorial, this would not be considered ex- 
cessive, as regards distance. The field of the microscope is about 
50’ of the circle, and the parallax does not appear likely to be of 
perceptible injurious effect. The effect would operate in full, if it 
exists; for the division to the left would be displaced in one 
direction, while that to the right would be displaced in the con- 
trary direction, and both displacements would operate to in- 
crease, or diminish, simultaneously, the measurement of the ex- 
tremities of the are from the centre of the field. Thus each divi- 
sion, in the ten minutes, would be subject to a distinct amount 
of systematic error. 

The Runs correction, determined by the difference of adjoining 
2’ divisions, or from the two extreme divisions, would be sys- 
tematically too great, or too small, at the extremities, if there be 
any perceptible effect of parallax. The existence of such an 
effect can be tested by the readings, if enough of them be made 
at various settings. 

Periodic errors of the screws of the micrometers may be of ap- 
preciable effect, in using them over so long an are. In the 
regular observations of stars, made here, the practice is to set 
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the instrument, so that the divisions of the circle fall at nearly 
the same reading of the microscopes, throughout. This prac- 
tically eliminates the error of Runs, and the same part of the 
screw is continually in service. In graduation error measures, 
the same practice has been followed. This method of measuring 
ten minutes of arc, between two 10’ divisions, may therefore 
be subject to some classes of systematic error. Each 2’ division 
would be measured always from two 10’ divisions in the process, 
which would be one advantage. 

These classes of systematic error, in the measurement of gradu- 
ation errors over ten minutes, would disappear, if the readings 
were begun at some one division, and repeated in sets which 
should begin at the next 2’ division, until the are desired should 
be completed under all the varying conditions. Continuing this 
process, the entire circle could eventually be measured, to the 
ultimate 2’ divisions. 

As an example of such a set of measures, the corrections given 
below have been determined, for one degree of Circle B. The sets 
extend from 359° 52’ to 1° 8’; but only the 2’ divisions from 0° 
to 1° have received the full number of determinations, and the 
divisions outside these limits are not included in the Table. The 
telescope was moved 2’,.between each set and the following, and 
readings were taken on six 2’ divisions in a set. Since each divi- 
sion is included in six sets, this process gives in all six measures 
of each 2’ division, one of which is based upon two 10’ divisions. 

The tabulated corrections for the 10’ divisions have been 
adopted provisionally. They are derived from the mean of 300 
measures, and are not likely to be much altered by those yet to 
be made, during the investigation of the 10’ ares. 

After correcting all the readings, by the quantities given in the 
first approximation below, each original reading has been com- 
pared with the readings upon the other five divisions in each set. 
This gives the second approximation. The error of measure in 
the second approximation is considerably reduced, as it is due to 
the comparison of one reading with the mean of five; as against 
the comparison of two readings, only, in the first approximation, 
in every set. 

The probable error of measure of the 2’ divisions, in this series, 
is + 0’”.070. Since the 10’ divisions of Circle B have been meas- 
ured with a probable error of less than + 0’’.01, the error of the 
base needs hardly to be taken into account in these results. 

The probable error of measurement of the 10’ divisions of 
Circle A will not exceed + 0”.07, and, consequently, two of such 
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divisions being used in the derivation of each 2’ division, the 
probable error of the last, if measured on this plan, would not 
be likely to exceed + 0’.09. By repeating the readings, this 
could be slightly diminished. Besides the correction for Runs, 
there is an evident correction required for the original readings, 
due to periodic error of the screws, amounting to 0’.05 tor one 
revolution, which has been uniformly applied from one extremity 
of the ten-minute ares to the other. Its effect would have been 
eliminated, in the mean of the results, had it not been applied. 
No parallax can be detected, in the comparison of the readings; 
and if such error existed, its effect would be eliminated in the 
mean results, derived in this process: The precision of reading is 
slightly diminished, for the outer divisions of the ten-minute are, 
as indicated by the comparison of the probable errors of Runs, 
determined at the centre of the field, and at the extremes; the 


values being v = + and + respectively: mean 
+ 0.25. This includes the effect of errors of graduation. The 


probable error of a circle reading is +-0’7.12. 


CORRECTIONS FOR GRADUATION: CIRCLE B. 1904. 


Standard. First Approx. Second Approx. v 
, ” ” ” ” 

= + 0.11 + 0.14 - 09 
4 O+ - OS + .03 
6 — 00 — 
8 — 12 — .09 — .14 
12 Os 03 
14 — .35 — .33 _ 38 
16 + .07 — .O1 — 06 
18 — .32 — .34 — 39 
22 — 46 — .50 — 55 
24+ — .15 — 15 — .20 
26 — .24 — .23 — .28 
28 — .22 — .21 — .26 
9 4 18 20 + .15 
3 —- .02 05 — .10 
36 + .14 + .O9 
38 + .06 + + OF 
42 + 04 =. 08 
44 + .3 - 37 + .o2 
46 + .26 + .28 23 
48 O1 — .05 — .10 
52 28 + 3 26 
54 + .32 + .30 + .25 
56 + .33 + .29 + .24 
58 + .62 + 48 + .43 


The above tabulation exhibits the quality of the graduation. 
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The last column contains the residuals from a mean correction of 
+0”.05. The average error of graduation is found to be 

0’’.18, which is more than twice as large as the error of meas- 
urement in this series. The largest graduation error is a little 
greater than three times the average, and there are four which 
are twice the average. There is some tendency towards groups 
of similar sign, and the average error of a two-minute arc is 
found to be + 0”.20. The quality of the graduation appears to 
be the same, for these 2’ divisions, as for the 1° divisions pre- 
viously measured, for which the corrections are tabulated in Vol. 
IV of the Publications of this Observatory. 

It should be evident that the full investigation of graduation 
error involves a vast amount of labor; and that it is highly 
necessary to use methods that eliminate the effect of systematic 
errors, and avoid the accumulation of accidental error, as far as 
possible. 

Lick OnsERVATORY, University of California, 

September 30, 1904. 


CULTURE VALUE OF MATHEMATICS AND ASTRONOMY. 


Wa. W. PAYNE. 


From early records in science to the present time, the claim has 
been made that the study of mathematics has high value as a 
means of training the intellect. That such opinions have been 
held quite generally, it is easy to verify from history within the 
reach of ordinary readers, and from modern books that have 
been written on scientific subjects in general and mathematical 
themes in particular. 

The study of the elementary mathematics has been pursued so 
generally and so long for the simple purpose of qualifying per- 
sons for business or professional life, that the culture side of these 
studies has been overlooked or neglected in a very considerable 
degree. It is hard to believe that eminent teachers in the past 
have not thought of, or have not known of, the culture value, of 
a high order, that is found in the studies of arithmetic, algebra 
and geometry. It seems more probable that they have known 
something of this important tact, but they could not make use 
of it in any satisfactory way because of untoward circumstances 
in the past that will readily occur to any thoughtful person. 

If we bring this matter down to the present time, and apply it 
to much of the study and training in the higher mathematics, 
commonly found in colleges, universities and technical schools, 
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the same thing is most disappointingly apparent. The query 
naturally arises, why is this so? Is the plan of this mutual 
training all wrong that the highest and best in it should not be 
gained? Certainly not. Modern courses of study for intellectual 
discipline are pliant and logically strong. But the idea that 
seems to prevail in the minds of those who have had the respon- 
sibility of forming them is, that the discipline to be gained will 
give almost certain advantage in seeking place and profit in after 
lite. This aim is set before the student constantly and urgently 
for the purpose of enlisting interest and effort to secure scholarly 
attainments. If mature scholars in science hold such ideas, and 
advocate them only, or chiefly, from such a view of the real value 
of knowledge, it is certain that young people who want such 
advantages in life will think of scholarship and its true worth in 
about the same way, and willingly pay the tremendous cost of it 
when actuated by such a motive as that. In doing so they 
rightly infer that because men have become eminent in that way, 
others may do so, and that is sufficient. They do not enough 
concern themselves about the ways and means to the end they 
ought to desire, especially that which springs from a higher 
and a more noble motive, possibly, either not knowing or not 
realizing that there is a more excellent way to obtain a more ex- 
cellent thing of the same kind as that which they earnestly covet. 

It is our purpose in what follows to call attention to some 
points that will show clearly and precisely what we mean by the 
high culture possible from mathematical studies. 

From the earliest records we have, it is inferred that the 
Egyptians had gained a rude knowledge of numbers and of 
geometry, because they had constant use for such knowledge to 
meet the practical ends in life which it would immediately serve. 
If it shall appear later that the Chinese had this knowledge 
before the Egyptians, or, if modern antiquarian research shall 
reveal the fact that other Eastern peoples had gained this know]- 
edge at a much earlier period, it is certainly probable that all 
must have acquired it essentially in the same way, whatever may 
have been the particular methods. 

The same thing must be said of the Phoenicians whether they 
were discoverers of the knowledge of which we are speaking or, 
were chiefly copyists from other sources, as we know was true 
of the Babylonians at a later time. 

The main point in these references is the need that was felt for 
such knowledge to do ordinary business. It was not sought for 
its own sake, nor because the things were or were not, essentially 


Wm. W. Payne. 


true in themselves, but because they were useful in dealing with 
the events of daily, practical life. 

On the other hand when a scholar begins to prove a theory 
and weigh its truth for its own sake, he has reached a_ higher 
plane of mental activity than that which he occupied when seek- 
ing merely its results for detailed uses in practical affairs. The 
reason why this is so is perfectly plain. The scholar who works 
in this higher plane of thinking must use his mental powers 
logically and severely; he must work as profoundly as he possibly 
can, in order to find the relation of fact, old and new, that may 
constitute a law in nature, or, may measure, justly and truly, 
motives to human action. In other words the question is what 
will most aid a person to a large insight into mental conditions 
and mental resources to make for him a ruling motive which 
should act manifestly in all the course of his intellectual de- 
velopment. If mathematical studies furnish such conditions and 
resources, wholly or in part, then those studies should be pur- 
sued always with that end distinctly in view. There can be no 
question but that mathematics is a body of exact truth which is 
the foundation of all science. Such truth is the source of large 
and healthful, mental growth and its power in the intellect is a 
constant witness to right action that furnishes the best and high- 
est conditions for mental endeavor possible. 

It we turn to the history of great mathematicians, in early 
tines, anong the Greeks, and notice how they studied and 
what they accomplished, we will certainly find some evidence to 
bear on this question, especially if we believe they reached a 
distinction in scholarship, in their time, that should entitle them 
to the rank of cultured scholars. 

In the sixth century before Christ, it was apparently little more 
than an accident of travel, asa merchant, that brought Thales 
into Egypt, where during his leisure he studied philosophy and 
science. Afterwards he went back to his old home in Miletus and 
there he founded the great Ionian school, the first of the Greek 
schools of mathematics with a definite history. Thales became 
one of the seven sages of Greece, and we wonder how it was that 
he came to receive such high honor at the hands of his own 
people. We know that he was naturally shrewd, but his shrewd- 
ness did not exalt him. History says he predicted the total solar 
eclipse of May 28,585 B. C., and on account of that he became 
very famous. The fact that a man could predict a total eclipse 
of the Sun, at that time, would be something wonderful in the 
eves of the common people, but it would not be enough to give 
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‘such high and enduring rank among the cultured and ruling 
classes of the Greeks. To say the least, it is improbable that this 
explanation is the true one, because the Egyptians could certainly 
predict eclipses before the time of Thales, and it is very probable 
that he knew their methods, especially if Herodotus is right in 
saying that he was of Phoenician descent; because the Phoeni- 
cians had close relations with the Babylonians and other East- 
ern pecples in trade, and the mathematical knowledge then 
known to any must have been common property to all in some 
degree. 

If then we have not found the real basis of the greatness of 
Thales in what has been said, it is needful to ask wherein did it 
lie? It seems more probable to the writer that it was due to 
the training that he himself received in Egypt and in his own 
schuol at Miletus, and the way he secured it. He gave up his 
business; he devoted his whole time to it, after a start was made 
and he put his whole life into it, as a thing worthy of such a 
icostly outlay for him. He could not do more; and the motive in 
t all seems to have been a noble one, and the result was splendid 
in achievement. 

Pythagoras is another illustration. His life was one of 
supreme devotion to discovery in pure geometry, and to the 
study of number, and all his philosophy had its foundation in 
mathematics. He was a man of power because of his pure life 
and his severe self-discipline for the sake of intellectual gain. He 
was a great scholar, in his times, because he diligently searched 
for new truth for its own sake, and for the advantage of the 
Pythagorean school of mathematics which he had founded and 
which grew to be a ruling power in the government of colonies 
where it flourished. He is anexample of what right training in 
mathematical studies can do to secure for a man the power of a 
cultured mind, that will give him place and influence in life in the 
right way, and without depending on barter and sale, as a 
huckster does on the street corners of a great city. 

A still more striking example of the right way of coming into 
a life of cultured power is that of Sir Isaac Newton, who was 
the ablest scholar in mathematics that has ever lived. The most 
sententious saying about him that has come under our notice, is 
that by Bishop Burnet when speaking of his religious and 
conscientious character. He said Newton’s was the ‘whitest 
soul” that ever lived. Such a claim, if true, would be of funda- 
mental worth as a basis for large achievement. 

Newton had also a keen intellect in wonderful balance of 
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mental powers. He worked modestly, but incessantly. He had 
unique power in concentration and abstraction, so that he would 
often become wholly unconscious of what was going on around 
him, except the one thing that occupied his mind at the time. He 
was always scrupulously just, and even generous enough to say 
that his own discoveries in mathematics were due to the admir- 
able work done by his predecessors. When such a rare combina- 
tion of fine qualities of mind meet in one man, it is not a ‘wonder 
that such an intellect will make great victories over nature, while 
itself grows charmingly beautiful in its symmetry of action and 
its exquisite finish of thinking power. This is what we mean by 
a cultured mind. 

There is much more to be said about the culture value of 
mathematical studies, but we can go no further now. There is 
also a broad and most fruitful field in general astronomy bear- 
ing on this same topic, in effective way, that must wait for 
another opportunity. 


REDUCTION OF 295 PHOTOGRAPHS OF EROS MADE AT 
NINE OBSERVATORIES DURING THE PERIOD 1900 
NOVEMBER 7-15, WITH A DETERMINATION 
OF THE SOLAR PARALLAX.* II. 


ARTHUR R. HINKS, M. A. 


§ Adopted Weights of the Different Series —We have now to 
adopt a system of weights for the different series of plates, tak- 
ing into account both the tendency towards systematic error re- 
vealed in some of them and also the general character of the 
plates as indicated by the average size of the comparison star 
residuals upon them. The average residuals are:— 


In X. In Y. Adopted 
Weight. 
Algiers 0.16 0.12 22 
Cambridge 0.11 0.10 1 
Lick 0.10 0.12 
Minneapolis ; 0.21 9.20 0 
Northfield 0.18 0.17 
Oxford 0.17 0.17 23 
Paris 0.10 0.11 1 
Tacubaya 0.28 0.19 ‘ho 


The eleven Cambridge plates on which guiding error was found 
have been given weight 25. 
Part of the average residual is due toerrors in the adopted 
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places of the stars, whose probable error is less than 0.04. 
And it will be shown later that the connection between the 
average star residual on the plate and the final residual in the 
equations of condition is not so close as might have been ex- 
pected. After consideration of all the circumstances I have 
adopted the weights given in the last column of the above table. 
$13. Summarv of Observations used.— 
Algiers. 
40 plates were measured and communicated. 

1 was rejected for large discordance, evident in original meas- 
ures. 

8 were rejected for want of central stars. 

31 were used. 
Cambridge. 
110 plates were measured. 

5 were rejected for various reasons—wrong time record, clouds 
during part of exposure, or large discordances for images 
marked “probably defective’ during measurement. 

1 was ommitted by mistake. 

104 were used. 
Lick. 
28 were measured, and all were used. 
Northfield. 
23 were measured. 
2 were rejected for clouds during exposure. 
21 were used. 
Oxford. 
55 were measured. 
25 were too late to be included. 
30 were used. 
aris. 
21 were measured and all were used. 
Tacubava. 
15 were measured. 
1 was rejected for large discordance. 
14 were used. 

The 9 San Fernando and 21 Minneapolis were not included, 

for reasons given above. 

$ 14. Construction of the Plate Ephemeris.—A special ‘plate 

ephemeris” for my standard centre was constructed in the way 
described in my second paper (.\onthly Notices, |xii. 1902, p. 554, 
$6), to give standard co-ordinates of the places of the planet 
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at the times light left it, as seen from the Earth at successive 
Berlin midnights when the light arrived. It was based on the 
separate heliocentric ephemerides in ecliptic rectangular co-or- 
dinates of the Earth and of Eros, published by M. Loewy in 
Paris Circular, No. 8. 

These ephemerides have been computed with 8-figure tables, 
and are given to eight places of decimals. The third differences 
do not run quite smoothly in either, and I have found it possible 
to improve them by making small alterations not exceeding 
three units in the last place of decimals. In the case of the helio- 
centric ephemeris of Eros this is perfectly simple. But in so 
treating the ephemeris of the Earth one must be careful not to 
smooth out any part of the real inequality due to the lunar 
equation. In order to avoid this the third differences in the 
Earth ephemeris were plotted against the time. The character 
of the real periodicity in the differences due to the Moon was 
then quite conspicuous, and all that was done was to make such 
slight alterations in the last place of decimals as would remove 
roughnesses without modifying in the least the character of the 
curves. 

Plate Ephemeris of Eros 
for Standard Centre a 1" 57™ 8.0. 5 +.54° 22’ 0” (1900.0). 


Berlin, Berlin, 
Midnight. Midnight. 
Nov. 5 + 25.23477 — 1.95306 Nov.12 —11.30440 — 1.74989 
6 + 19.98262 — 1.15023 “ — 16.38109 — 2.77464 
+14.72449 — 0.60057 14 —21.38732 — 4.06752 
i 8s + 9.46989 — 0.30717 “ 158 — 26.31072 — 5.62885 
si 9 + +.22892 — 0.27297 * 36 — 31.13868 — 7.45847 
“ 20 — 0.98781 — 0.50062 17 —35.85846 — 9.55570 
ae} — 6.16937 — 0.99235 


There seems to be no doubt that this ephemeris is free from ac- 
cidental roughness to a nicety well within what our observa- 
tions will demand; and I must repeat the expression of my 
acknowledgements to M. Loewy for his kindness in providing 
the separate heliocentric ephemerides with which it was con- 
structed. 

It may be noted here that there was an error in the computa- 
tion of the plate ephemeris used in my second paper. The terms 
expressing the small heliocentric latitude of the Earth were taken 
with the wrong sign, which accounts for a peculiarity of the 
solution given in Monthly Notices, |xii. p. 559. 

$15. Interpolation from the Plate Ephemeris and Calculation 
of Parallax Factors.—It is a decided advantage of the plate 
ephemeris that the third differences multiplied by the interpola- 
tion coefficients are small and the fourth negligible. It is also 
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most convenient to have the ephemeris expressed in terms of 
a single quantity, the adopted unit, instead of in hours, minutes, 
and seconds of time, and degrees, minutes, and seconds of are; 
the labor of computation is thereby much reduced. 

The geocentric co-ordinates of the observatories at the epochs 
of observation were calculated according to the formule given in 
Monthly Notices, |xii. p. 30. (But see below.) But it should 
have been remarked there that it is proper to use the apparent 
R. A. and Dec. of the standard centre, viz. 1" 57™ 15°, + 54° 
22’.5, in calculating those co-ordinates. 

In computing the Lick co-ordinates the altitude of the observa- 
tory was taken into account. 

The parallactic displacements of the pianet were calculated 
with an assumed value of the solar parallax 7 == 8’7.800. 

[It may be noted here that there is an error in my first experi- 
mental paper (.Wonthly Notices, 1xit. pp. 30 and 31). The equa- 
tions at the bottom of p. 30 should be printed 


X \ 

and throughout the following page the quantities printed 
v (a — cv) and v (b — cv) should read v (a — eg,) and v (b — cy). 
The mistake arose in preparing the paper for press; the right 
formulze were used in the calculations. | 

$ 16. Formation of the Equations of Condition.—On compar- 
ing the observed places of the planet with the ephemeris it was 
evident that the correction to the x ephemeris was nearly con- 
stant throughout, and that the correction to the y ephemeris 
varied slightly with the time. There were no indications of 
terms depending on squares and higher powers of the time. Of 
course it will be necessary to make a careful search for such 
terms; but what would be, from the parallax point of view, a 
good deal more important would be the existence of a short 
period variation in the place of the planet related to the light 
variation. This could be detected most conveniently in the 
residuals from a preliminary solution. [therefore adopted as my 
first equations of condition a simple form with only three un- 
knowns in each, A,é, or 4, constant corrections to the plate 
ephemeris, 4,¢, or A,y, the variation of these corrections per day, 
and Az the correction to the assumed parallax. 

The equations expressing the comparison between observation 
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and ephemeris have the form 


+t AZ, (= Ar) (a cé,) N 
Ny + Am +t — (= Ar) (b cn) 7, 
Hence, putting 


/ 


N 


—n= 


é, c&,) / 
b— cn) 


we have as the form of our equations of condition 


Ag, +t. 4,6, (a — cé,)/N . Ar + mm’ = 0 
+ t. Am = (b—cy)/N. Ar + = 0. 
Working in units of the fifth place of decimals (that is, in 
hundred-millionths of the radius of projection), we have on the 
average 


m’ = + 1090 
n’ = — 120, 


and we shall take as the numerical terms in our equations of 
condition 

m = m’ — 1090 

n=n'+ 120. 

$17. Normal Equations.—The normal equations derived from 

the measures of each observatory are as follows: the coefficients 
of Am, and are the same as those of A,é,and A,g,, and are 
not repeated:— 


Algiers (with weight 23). 


+ 48.00A% + 1.054r 23=0. —1.80Ar + 191 =0 
+ 144.9460 + 1.1289 4+ 24.00 —1.9751 + 1541.67 
+ 64.8469 +4+502.17 — 7.2655 — 138.14 
Cambridge (209-252). 
39 — 86.62 + 14.77 +143 — 22.73 — 3554 
+ 203.9652 + 34.6727 — 648.74 + 52.9410 4+ 8341.17 
+ 69.5633 —265.00 + 19.5289 + 2189.68 
Cambridge (254-265, with weight 23). 
7.33 — 8.68 + 10.13 — 86 + 4.09 — 162 
+ 10.2813 — 12.0257 +106.15 + 4.8973 4 212.92 
+ 14.1997 —134.35 + 2.6597 + 135.04 
Cambridge (266-335). 
54 -++ 64.36 — 15.03 —1294 — 21.64 + 896 
+320.3484 + 52.4368 —2041.52 — 27.6246 + 7266.53 
+ 78.3565 — 482.45 416.6724 — 347.92 
Lick. 
28 + 8.60 + 25.63 + 614 + 540 — 553 
+ 91.7948 + 5.7855 4 676.45 + 6.1198 + 3376.39 
+ 63.2493 +1047.91 — 7.5570 + 15.22 


| 
| 
| 
| 
| | | 
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Northfield (with weight 4). 


§.25 + 4.69 + 5.09 — 180 — 0.47 + .114 
+ 53.8704 + 7.4601 — 283.77 — 4.7879 + 1550.90 
+ 9.6121 — 238.79 + 1.1716 — 26.30 
Oxtord (with weight 23). 
20 + 1.19 — 4.25 — 691 — 20.14 — 377 
+111.9618 + 41.7571 — 353.11 +11.2237 + 2924.95 
+ 46.1206 — 375.12 4+ 24.8782 + 805.81 
Paris. 
21 — 25.19 + 7.28 — 229 -— 3.73 — 561 
+ 202.3461 — 46.8666 + 666.11 + 0.1252 + 3416.05 
+ 24.7698 + 8497 4+ 7.1409 + 166.38 
Vacubaya (with weight '/,,). 
1.40 + 2.44 + 0.35 + 11 + 1.35 + 107 
+ 13.7509 — 2.2404 + 541.80 + 1.8865 + 674.97 


+ 93.7134 94.33 + 1.8564 + 184.49 


The normal equations tor the combined solution are, there- 
fore:— 


+196.65A)e) + 8.79423) + 15.48Ar —1207.00=0 —67.75Ar — 3899=0 


+1153.26 + 82.11 —1312.63 442.81 —29305.55 
+ 37443 + 45.01 +88.73 — 2934.26 
And the solution is: From the x equations:— 
Weight. 
Aigo = + 6.136 196 
Ast) = + 1.136 1135 
Ar = — 0.623 368 
From the v equations:— 
Aim = + 18.688 143 
Aon = — 25.309 1121 
Ar =— 6,589 54 


$18. Relative Weights from the Residuals.—The following 
table gives the average residual in an equation of condition 
weighted according to the scheme given above. 


Weight Average Residual. No. of 
Adopted. x Equations, = Equations. Equations. 
Algiers 2% 0.109 0.111 31 
Cambridge (209-252) 1 .152 .129 39 
(254-265) 24 .132 11 
(266-335) 1 105 54 
Lick 1 101 .093 28 
Northfield 4 21 
Oxford 243 134 .105 30 
Paris 1 .093 .099 21 
Tacubaya ‘ho .128 .103 14 


The result shows that some improvement might perhaps be 
effected by further weighting. The first Cambridge series is not 
good and should have less weight; so also should the Oxford 
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series; while Paris should have had more weight. This is on the 
assumption that the residuals are accidently disturbed, which I 
shall show is not the case. It follows that the above average 
residuals are not necessarily proportional to the true weights, 
but they may be taken as showing that the system of weights 
adopted did not differ widely from the truth. We shall not im- 
prove matters by making a fresh solution with revised weights 
before we have considered the systematic deviations of each 
series from the mean. 

$ 19. Systematic Deviations of each Series from the Mean.— 
In the first column of the following table we have the mean 
residual (taking account of signs) in the equations of condition 
from each series of plates: — 


Mean Residual. Parallax Factors in X. 
In X. In Y. Numerical Algebraic 

Sum. Sum 
Algiers + 0.013 — 0.050 41 + 1 
Cambridge (209-252) + .016 | 30 —15 
(254-265) — .013 + 004 12 +12 
= (266-335) — .033 | 58 —14 
Lick + .057 — .021 34 + 26 
Northfield — .028 + .019 13 +10 
Oxford — .047 + .009 37 — 6 
Paris + .039 4 (O48 18 oe 
Tacubaya + .011 -+ 029 6 + 


Taking the probable error of an X equation of condition as 
+ 0.10, we see that the third Cambridge series, the Lick 
and Oxford, and perhaps the Paris series have mean residuals 
considerably larger than might be expected if they were fortu- 
itous; there is an appearance of systematic divergence from the 
general mean. It becomes important to see whether this may 
have affected prejudicially the value found for the parallax. The 
fourth and fifth columns contain the numerical and algebraical 
sums of the parallax factors in the X equations of condition. 
They show whether in any series parallax factors of one sign 
have predominated. Further, since similarity of sign in the cor- 
responding quantities of the second and fifth cc’'umns shows a 
tendency to diminish the deduced value of the parallax, we are 
able to judge from this table in what direction a systematic error 
will have acted. 

The most conspicuous case of want of balance in the parallax 
factors is found in the Lick series (where evening plates were 
deliberately selected to coincide in time with morning plates of 
the eastern hemisphere). If the Lick residuals are really sys- 
tematic this series will have tended to reduce the value of the 
parallax. A similar, though very much smaller, effect may hava 
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been produced by systematic error in the third Cambridge series, 
the Oxford and Paris series. 

We may conclude that if these systematic discordances are real, 
and have produced any sensible effect, they have probably tended 
to make the parallax too small rather than too large. Iam dis- 
posed myself to think that there is some reality in them,, and 
that we cannot say that the results of a series of photographs 
made with different instruments are really homogeneous, though 
they have been reduced to the same system of carefully deter- 
mined stars. If this is really the case it is hardly necessary to 
point out the futility cf supposing that the most accurate results 
can be obtained by combining simultaneous observations at 
widely separated stations, especially if somewhat different 
systems of star places have been used. 

When the values of the unknowns derived from this solution 
are substituted in the equations of condition given by the Minne- 
apolis results we have the following results:— 


Mean Residual. Average Residual. 
in X. in in Y 


For the 10 single exposures + 0.212 + 0.006 0.216 0.165 
x 11 multiple - — 0.247 + 0.035 0.389 0.173 
These show that the weight of one of the components of a multi- 
ple exposure is only about one-quarter of that of a single ex- 
posure. But, further, we have the curious result that the single 
exposures give uniformly large positive residuals, while those 
from the multiple exposures are strongly negative. I think that 
this anomaly adds weight to the reasons which compelled us to 
decide that it is unsafe to use the Minneapolis measures until they 
have been examined further. 

§$ 20. Search for Effect of Planet’s Motion.—It did not seem 
impossible a priori that the planet’s motion might have some 
effect in displacing the mean centre of its image. I therefore took 
the Cambridge plates in two fashions, guiding upon planet and 
stars alternately. I have separated the equations belonging to 
the two series and analyzed their X residuals. The differences 
are very small, and there is nothing to show that they are other 
than accidental. It may be concluded that the effect of the trail 
of the planet, if any, is uniform throughout, and there is no 
systematic difference between plates following stars and follow- 
ing planet. 

§$ 21. Search for Correction to Ephemeris depending on the 
Square of the Time.—In order to discover whether the ephemeris 
requires correction by a term depending on the square of the 
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time, the residuals were distributed into sixteen half-day groups. 
The following table gives the number of residuals in successive 
groups, and the means of the residuals in the X and Y equa- 
tions:— 


Mean Residuals. 


Group. Number. X Equations. Y Equations. 
1 20 + 0.006 + 0.019 
2 4 + .027 + .179 
3 4 — .062 — .052 
4 12 + 002 — 076 
5 32 + - .025 
6 23 — .025 + .052 
7 37 — .027 + .010 
8 3 + .060 — O82 
9 1 — .O19 115 
10 8 + — 
i 9 + (006 + .035 
12 15 + .025 — .056 
13 23 + .041 + .012 
14 2 + .051 — O72 
15 18 + .023 + 006 
16 3¢ — .029 


There is no evidence here of any sensible term depending on the 
square of the time. Only two or three of the above quantities 
are larger than twice what would be their probable value if they 
were fortuitous. 


$22. Search for an Inequality in the Motion of the Planet 


with the Period of its Light Variation.—According to André 
(A. N. No. 3698) the variation of light of the planet has a period 
of 5" 16", during which there are two equal maxima and two 
slightly unequal minima. If we divide the nine days over which 
our observations extend into intervals of 5" 16", subdivide them 
again each into eight parts, and group together the residuals 
from observations whose epochs tall into corresponding eights, 
we have the following result:— | 


X Equations. No, of Residuals and Mean for Each Group. 


Ill. IV. 

31 +0”.030 26 + 0”.023 55 —0”’.025 24 —0O’’.005 
Vi. VII. VIII. 

25 +0”.048 25 +0”.012 21 —0”.060 28 —0”.030 


These figures show no periodicity in 512 hours. But if we add 
together groups I. and V., and so on, we have 


I. V. i. VI. Ill, VIL. IV. VIII. 
56 + 0”.038 51 +07.017 76 —0”.034 52 — 0’.020, 


which seems to show an oscillation of the planet in the half- 
period of 234 hours. 


Before discussing the probability that thisis real let us examine 
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the Y residuals in the same way. 


Y Equations. 


i. Vi. Il. VI. IV. VIII. 
— 0'.006 -—— 0””.002 + 07.001 + 0”.026 
— 0 .062 +0 +90 .011 +0 


Again, there is no evidence of a 54-hour period. Taking 

means of I. and V., &c., as before, we have 
VE. Ill. VII. rv. Waal. 

— 0.034 + 0.002 + 0” .004 + 0”.013 
which does not suggest any periodicity of the Y residual in the 
half-period. 

If these means are accidental their probable values are about 
+ 0”.013 in X and + 0”.012 in Y. It seems to me that we may 
consider the Y means accidental; only one is larger than might 
be expected, and that depends upon an abnormally large result 
in group V., quite unsupported by group I. 

The case of the X residuals is different. All four are greater 
than their probable values if accidental; two are more than 
twice as great; the two hallf-series give very much the same effect 
independently, and the balance of groups in opposite phases of 
the apparent periodicity is remarkably good. 

The reality of the period is, moreover, confirmed by the dis- 
cussion of residuals from an earlier solution, from somewhat 
different material, differently weighted, and starting from a 
different zero of time. These give an apparent periodicity of 
very nearly the same amplitude and phase. 

It is easy to show that the apparent periodicity cannot be due 
toa chance arrangement of systematically discordant results 
from one or more observatories. The number of residuals con- 
tributed to the four groups is as follows: 


iI. VI. III. VII. IV. VIII. 
Algiers ti 6 10 4 
Cambridge 24 20 29 31 
Lick 5 8 6 9 
Northfield 3 2 16 
Oxford 8 10 8 + 
Paris 5 5 7 4 


I am inclined, therefore, to think that this result is real, and 
that the planet has a real oscillation in its X co-ordinates, with 
a period of about 2" 38" and a semi-amplitude of between 0’.03 
and 0.04. 

Variations in light could be produced either by irregularity in 
form or of surface albedo; and either of these could also produce 
an oscillation in the apparent position of the planet. It is pos- 
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sible to invent arrangements of figure and albedo which could 
produce between them almost any desired variation of light or 
oscillation of centre, in either the period of rotation or half that 
period. But in general irregularities of figure alone will make 
the period of the principal oscillation of position twice that of 
the principal variation in light; while irregularities of albedo 
will make the two periods the same. In the absence of evidence 
as to the range and phase of the light variation, if any at the 
date for which the apparent oscillation in position is found, it is 
premature to draw any conclusions at present. I am indebted 
to Mr. H. M. Russell for these remarks. 

If the discordances in X given in § 19 are all really systematic 
they cannot, with the above grouping, produce an inequality 
with a total amplitude of 0’.001; neither can the inequality, if 
real, have produced the apparent systematic discordances, except 
perhaps in the case of Northfield, whose plates nearly all chance 
to fall in group III. 

It remains to be seen whether the inequality in X can have 
produced a sensible effect on the value of the parallax. If we 
take the algebraic sums of the parallax factors in groups of 
equations of condition formed as before we have 

Lv. +3 Ul. VI. 13 im. Vi. + 27 Iv. vil. — 18. 
The average residuals in these groups are respectively 

Large + ve Small + ve Large — ve Small — ve. 
The first has practically no effect; the second and fourth show a 
tendency to diminish the parallax, which is balanced by the 
tendency of the third to increase it. We may conclude that the 
periodic inequality in X has had very little if any effect upon the 
parallax derived from the present discussion. But it should «be 
noted that, since nine periods are nearly equal to one day, it 
might affect very seriously a set of plates taken at nearly the 
same time on several successive days. 

$ 23. Results of the Solution—Having shown that there is 
no sensible term depending on ¢? to be included in our equations 
of condition, that the assumed weights were fairly correct, that 
there are no very serious discordances between the results of 
different observatories, and that the periodic inequality in X 
which seems to exist cannot affect the parallax to any extent, we 
may take our first solution as definitive and set out the follow- 
ing results:— 

P. E. of one equation of condition of weight unity:— 

In X + 0”.100. In Y + 0.090. 


« - 
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From the X equations:— 


A,é,, constant correction to the ephemeris 
= [— 2”.245] + 0”.0126 + 0”.0071 
A,é,, correction varying with the time per day 
= + = 0030 
Ar, correction to the adopted value of the solar parallax 
= — 0”.0013 + 07.0082. 


From the Y equations:— 


Aim, constant correction to the ephemeris 
= [+ 0”.247]+ 0.0385 + 0.0077 
A.m, correction varying with the time per day 
= — 0”.0522 + 0.0028 
Az, correction to the adopted value of the solar parallax 
== — 0" 0136 + 07/0116. 


Combining the two values of Az according to their weights we 
have 


From the X equations 368A7r = — 0.4784 
= —1 .0472 
44547 = — 1.5256 
whence Ar = — 0’.0034 + 0”.0047. 


And since the value of the solar parallax assumed in the compu- 
tations was 8’’.80, we have as the result of this discussion 


7 = 8.7966 + 0”.0047. 
Conclusion. 


§ 24. This value of the solar parallax has no kind of claim to 
be called definitive. But it has just succeeded in fulfilling the 
lesser of the two purposes with which this piece of work was 
undertaken—to derive from the photographs of Eros a value of 
the solar parallax with a probable error as small as that of the 
value found by Sir David Gill from his heliometer observations of 
minor planets, viz. 8.802 + 0.005. The two values agree 
within the limits of their respective probable errors, and perhaps 
inspire the hope that a final discussion of all the photographs of 
Eros may set the directly observed value of the solar parallax 
upon so secure a basis that the indirect methods will be com- 
pelled to show cause for their discordance. 

§ 25. Inasmuch as the principal object of this work was to 
discover what would happen when one tried to combine the re- 
sults of anumber of observatories into one solution, we may 
sum up very briefly the outcome of the experiment as follows: 


a : 
- 
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The labor of forming the system of standard stars of con- 
siderable relative accuracy found its reward in the facility with 
which systematic errors were discovered. So soon as confidence 
in the accuracy of the system was established, the appearance of 
large residuals became the signal for a search after systematic 
error; and the search was not often in vain. If the error was 
found to increase rapidly from the centre, and the outer stars 
had to be rejected, there were generally enough standard stars 
near the centre to give a good solution. If the error proved to 
be guiding error, and the brighter stars were rejected, there re- 
mained enough stars of magnitude nearly equal to that of the 
planet. In fact the treatment of diverse material demands that 
the standard stars should be fainter, and more evenly distributed 
close to the planet’s path, than are the repére stars. And one 
can hardly overestimate the advantages that arose from the 
perfect simplicity of the linear reductions in rectangular co- 
ordinates. 

The finding of occasional guiding error is satisfactory, if only 
because it was quite certain a priori that it must from time to 
time occur. The absence of any evidence of hour-angle error is 
the more satisfactory, because that error might reasonably be 
feared. The discovery that the field of the Crossley reflector be- 
comes useless immediately outside the limit of sensibly perfect 
definition leaves it still unexplained why the error should take 
the particular form that it does; while the quite unexpected large 
errors in the Algiers plates, taken with a refractor of standard 
pattern, cannot fail to inspire many stimulating doubts as to the 
absolute value of results obtained with one instrument alone. 
At the same time the elimination of the larger part of the 
systematic errors, which seems to have been achieved, assures us 
at once of the practicability of making a general solution, and of 
the difficulty of treating the results of any one observatory 
apart from the others. 

The torce of the latter couclusion is increased if any one may 
accept the reality of the oscillation in the position of the planet 
of short period and semi-amplitude about 0.03. This oscilla- 
tion might well be entangled with the parallax displacements in 
a quite considerable series of observations made at a single ob- 
servatory; it is completely separated from the parallax when a 
general solution is made; and the search for it throughout the 
period of observation of the planet will make a beautiful test of 
the real delicacy of our results. 

It seems that we may draw, from the experience gained in the 
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work of the present paper, the conclusion that future work 
would be greatly facilitated by the adoption of a close system of 
standard stars. The formation of the system that I have used 
made a considerable part of the whole labor. But in future the 
task will be very much lightened, because it will be possible to 
make the star system depend upon the very extensive series of 
star places derived from the work of the four French observa- 
tories. It we have a standard system whose relative places are 
known with a probable error of a few hundredths of a second 
we can get as much accuracy as an individual plate is capable of 
giving by measuring the planet and eight or ten of these stars 
well distributed around it. With such a standard system we 
can discover systematic errors, provided that the residuals in the 
reduction of the stars are open to inspection; butif any such 
error is found, it is of the greatest advantage to have at hand 
the original measured co-ordiiates. It is doubtful whether those 
observatories whose aim is to contribute their results inthe form 
most convenient for a general reduction of all the material could 
do better than publish simply the original measures. It will 
probably pay better to give the man who undertakes a general 
solution the means to carry out reduction ab initio, rather than 
to do any part of it before publication, for the discovery of some 
systematic error when the observations are combined with 
others will often necessitate a new reduction. ' 

Finally. if we are able to admit that these conclusions are 
sound, we are led to the proposition that any observatory with 
photographs of Eros still unmeasured can make its contribution 
to the definitive determination of the solar parallax of greatest 
effect by agreeing to select its stars from a close standard system, 
and doing as speedily as possible the absolute minimum of work. 
It is the hope of the writer that he may be allowed to submit, in 
the near future, a selection of standard stars for consideration. 

§ 26. I must acknowledge with gratitude the most efficient 
help which has been given me by Miss Julia Bell, of Girton Col- 
lege, and Miss Anne Malden, of Newnham College, and must 
thank the Committee administering the Government Grant Fund 
of the Royal Society for the means of securing this help, without 
which the work could not have been done at Cambridge. 
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ON THE SPECTRUM OF NOVA PERSEI AND THE STRUC- 
TURE OF ITS BANDS, AS PHOTOGRAPHED AT 
GLASGOW.* 


L. BECKER, PH. D.+ 


The spectrum of the new star in Perseus, which Dr. Anderson, 
of Edinburgh, discovered 1901 February 21, was photographed 
at the Glasgow Observatory from 1901 March 3 till 1903 Janu- 
ary. From the early photographs one gains the impression that 
the spectrum consists of a number of bright bands of different 
lengths, fading towards the ends, and overlapping each other, 
thus producing a series of maxima and minima of brightness. 
Near wave-length 5000 the intensity rapidly falls off towards the 
less refrangible side, and the bands appear detached. The middle 
of each of the thiee most intense maxims approximately coincide 
with the hydrogen lines Hf, Hy, H8, and on two photo-plates, 
March 18 to 20 and March 25, each of the bands is crossed by a 
sharp Fraunhofer line. On the photo-plites taken after 1901 
August 1 the bands are all detached; some, including the two 
bands whose middles approximately coincide with the principal 
nebular lines, have almost the same lengths, and suggest a line 
spectrum in which the lines have been broadened into bands, 
others are considerably longer and have pronounced maxima. 

While it was probable that the three hydrogen lines and the 
two principal nebular lines were represented in the spectrum by 
bands, it remained to be proved that the wave-length of a definite 
point of the band bore a definite relation to the wave-length of 
the line to which it belonged. Asa result of my investigations, 
founded on micrometric measurements and estimates of intensity, 
I shall show that the bands which contain a series of reversals 
are similar in type, and that the ratio of the distance between 
any two points in a band to that between corresponding points 
in another band is the ratio between the wave-lengths. The 
spectrum of Nova Aurige resembled that of Nova Persei 
very closely; its changes followed the same course, and it showed 
the considerable broadening of the lines into bands, the structure 
of which has, however, never been investigated. The systematic 
broadening of the spectral lines into bands, which for Nova 
Persei amounted to a 35th of the wave-length in March and 


* Read June 6, 1904 before the Royal Society of Edinburgh. 
+ Professor of Astronomy in the University of Glasgow. 
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April, and a 100th after August, seems to be a feature of new 
stars, and ought to be accounted for in an explanation of these 
objects. 

2. The Spectrograph.—The spectrograph of 8 cm. aperture is 
connected to the Breadalbane reflector of 51 cm. aperture and 
446 cm. focal length. The equatorial mounting of this instru- 
ment, probably made by the late Thomas Grubb some fifty vears 
ago, is remarkable in so far as its inclined stand anticipates the 
chief structural feature of the Potsdam astrographic refractor. | 
The reflector, which had proved useless in its old condition, ob- 
tained in 1895 a new silver-on-glass mirror, driving clock with 
electric control, driving sector and declination clamp with slow 
motion, all from the works of Sir Howard Grubb. The mount- 
ing of the spectrograph was supplied by a local smith. A_plat- 
form forming a right-angled triangle extends from the upper end 
of the tube to the free end of the declination axis, and its plane is 
i nclined thirty-five degrees to the optical axis. Parallel to it the 
central ray of the reflector is reflected by a plane mirror. The 
platform is a stiff structure for its weight. It consists of two 
layers of corrugated iron, with the corrugations crossed and 
bolted at every point of contact, and it is strengthened by thin 
sheet steel ribs. To it is clamped a quarter-inch steel sole-plate, 
with adjustable bearings for the two tubes of the spectrograph, 
and on this sole-plate a small cast-iron table carrying the prism- 
box can be adjusted and clamped. The platform rests at its 
upper end, a corner of the triangle, on a casting which is bolted 
to the tube of the reflector; at its lower end, the shortest side of 
the triangle, it is screwed to a strong cast-iron arm, which is 
fixed to the declination axis in place of the balancing weights, at 
right angles to this axis and the axis of the tube. As I had the 
declination axis lengthened, and the telescope tube shortened and 
placed more favorably in its cradle, the movable part of the in- 
strument weighs now less than in its old condition. 

The object-glass of the collimator has an aperture of 8.2 cm. 
and focal length of 74 cm.; that of the camera, a Cooke triplet, 
8.9cem. by 149cem. The focal length of both combined has a 
large temperature coefficient, 0.13 mm. for a degree centigrade. 
The prism made by Hilger of white Jena flint glass measures 16.5 
cm. on a side, and is 9.5 cm. in height. Since it was re-annealed 
its separating power is most satisfactory. The central portion 
of the spectrograph is enclosed in a box, and by means of a 
small heating apparatus the temperature of the prism and the 
object-glasses can, at least to some extent, be kept under con- 
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trol. Unfortunately, the instrument cannot be used in summer 
after a sunny day, because in the iron dome the large prism is 
heated in such a way that the definition becomes too bad for ac- 
curate work. 

The jaws of the slit are formed by the two halves of a circular 
mirror 2.5 cm. in diameter, and they open symmetrically 0.15 
mm. for a revolution of the screw. The width here employed 
was usually 0.018 mm. The plane of the mirrors which form 
the jaws of the slit is inclined seven degrees to the plane normal 
to the central ray. If the image of the star does not fall on the 
slit, the rays are reflected towards a small mirror which is fixed 
to the telescope tube, and thence towards a viewing ‘‘telescope”’ 
(which is focussed on the slit) of 7 cm. aperture and 30cm. focal 
length (two object-glasses mounted close together). It lies al- 
most parallel to the collimator. Owing to the large size of the 
jaws of the slit, the effective field is half a degree, which is a 
great convenience in finding a star and setting it on the slit. The 
spark apparatus is hinged to the platform in front of the slit. 
When turned into position, the optical axis of its lens coincides 
with that of the collimator. 

The collimator lens, though a fine object-glass, F 9, did not 
prove to be achromatised for photographic rays; the focal curve 
of the spectrograph runs along zero from D to then gradually 
rises, and at wave-length 3700 the ordinate is 2.8 em. I had 
therefore to incline the photographic plate up to 30°. 

When the telescope is turned through twenty-four hours of 
hour-angle, the image in the focal plane of the spectrograph 
oscillates in simple harmonic motion, with an amplitude of 
0.8 mm., along a line which is slightly inclined to the spectral 
lines. I compensated this deficiency of the mounting by making 
the plate-holder adjustable in the direction of the spectral lines, 
and at right angles to them, the motion being effected by two 
micronieter screws of 0.5 mm. pitch. The plate-holder takes the 
plate, 11 by 4 cm., in its upper half, which lies central in a 
-amera, and in the space below it carries an eye-piece with stout 
cross wires. As fiducial line for keeping the plate stationary 
with regard to the spectrum, I employed the magnesium line 
4481, which is almost covered by the stout wire in the eye-piece. 
A split spring, which presses against the jaws of the slit, cuts 
out a short line from the upper portion of the slit 1.5 cm, above 
the optical axis, and the magnesium terminals are placed close 
to it, inside a short glass tube, to guard the slit against tarnish- 
ing. By these means I am able to keep a line of the spectrum al- 
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ways on the same place of the photographic plate, and to re- 
place the plate after days it its old position. The differential 
change of dispersion due to changes of temperature is, of course, 
not taken into account. During an exposure of the plate I 
moved the plate-holder every time 0.01 revolution of the micro- 
meter screws, at.intervals given by a table, and checked the 
position once an hour direct on the magnesium line. To 
illustrate the efficiency of this method, I mention that on photo- 
plate No. 23, comparison lines at a distance of 0.04 mm. appear 
separated, though they were exposed on twelve different oc- 
casions, five seconds each time, on two days, and at different 
hour-angles. 

At the time the new star was announced, wave-length 5200t.m. 
was in the centre of the field of the camera, and 4000 at the end 
of the plate. No change was made in the position of the camera 
until the beginning of October 1901, when wave-length 4170 
was placed in the centre. 

The distance of the hydrogen lines HB Hy is 20 mm. on the 
plate, and one-tenth metre or Angstrom unit is represented on 
the plate by 0.1 mm. at A = 3500, 0.05 mm. at A = 4300, and 
0.025 mm. at 4 = 5200 t.m. 

3. The Measurements and their Reduction to Wave-Lengths. — 
The plates taken in March and April 1901, and again those after 
January 1902, were difficult to measure,—the former, owing to 
the gradual change of intensity of the spectrum, which pre- 
sented few definite points to set on; the latter, owing to the 
faintness of the spectrum, some parts of which could barely be 
distinguished from the accidental markings on the film. I finally 
adopted the rule to measure every point to which the eye 
was drawn, except those which I thought to be defects in the 
film. With respect to these, I became more careful as the work 
advanced; and it is possible that the earlier plates may contain 
more than were actually measured of the minima, or reversals, 
which were present in the spectrum during the whole period. 
On the plates taken between August 1901 and January 1902 the 
structure of the bands, including the minima, is easily seen, and 
in some bands it is visible to the unaided eye. The intensity of 
the spectrum between every two points measured was estimated 
on an arbitrary scale, the estimated ‘‘degrees’’ of intensity in- 
creasing with the intensity. In this paper the ‘intensity of the 
spectrum” stands for the intensity of blackness on the negative, 
while “intensity of radiation” is used for the intensity of light in 
the focal plane of the spectrograph. I measured each plate about 
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four times, alternately in opposite directions. Each series in- 
cludes a number of settings on the lines of the comparison spec- 
trum, iron-calcium until September, and iron-titanium after- 
wards. The points measured on the same plate were then identi- 
fied by a graphical process, and all those were discarded which 
had not been repeatedly observed., Only on plate No.5 I made 
an exception, where, after the discussion was finished, I included 
two minima which had only once been measured. Since the 
measuring occupied about half a year, and no measurements 
were taken after the reductions were begun, the results of the 
different plates may be considered independent. For each plate 
I reduced each series of measurements separately to wave- 
lengths, and then combined them to mean values. The tables 
used in the reductions give the position of the micrometer screw 
of the measuring apparatus, referred to an arbitrary zero, for 
each wave-length at an interval of one tenth-metre; they are 
based on Ketteler’s formula of dispersion,* and were prepared 
for the angles of inclination at which the plates were exposed. 

The comparison spectrum determines the correction curve of 
the zero of the table. 

The foregoing is four pages of the introductory part of a very 
important paper on the spectrum of Nova Persei and the struc- 
ture of its bands. It would no doubt interest some of our read- 
ers if we had given the entire paper in all its details and its con- 
clusions in the authors own words. This was impossible for us 
to do, because it contains forty octavo pages with eighteen tables 
and two large plates which could be reproduced only with diffi- 
culty in view of the size of the page of this publication. 

The foregoing introductory part of the paper will certainly 
interest practical workers who have given some attention to this 
new star, because of the instruments and methods employed. 
They may be profitably compared with those which some Ameri- 
can astronomers have used with some degree of success. 

Any practical observer who may care to know of the detail of 
the routine and tabular work or the graphical illustrations with 
the full explanations accompanying them, should have a copy of 
the paper for this information. 

In concluding his paper the author mentions three results from 
this investigation, that are especially note-worthy. They are 
as follows:— 

1. The spectrum consists of a line spectrum in which each line 


* Annalen der Physik und Chemie, 1881, 12. 
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is broadened into a band, the broadening being proportional to 
the wave-length of the line and independent of the element. 

The position of the maxima and of the minima or reversals _re- 
mains unchanged during the whole period 1901 March to 1902 
November. 

2. The intensity curve of the spectrum in March and April is 
satisfied by the hydrogen and helium lines, some of which vary 
in intensity during this period. It is probable that the spectrum 
is due to hydrogen and helium. 

3. From August 1, 1901, to the end of 1902 the bands belong 
to the lines of the spectrum of planetary nebula, and their rela- 
tive intensities converge those of the average nebular spectrum. 
Probably the March-April spectrum is also faintly present during 
the whole period. 

It is to be regretted that we can not give a fuller account of 
this paper at the present time. Ww. We: 


THE THREE-INCH TELESCOPE. II. 


Wan. W. PAYNE. 


In last month’s issue of this publication, we described, some- 
what in detail, a three-inch telescope, which seems to us well 
adapted to the wants of high schools and academies, which 
either have not the means to secure a larger telescope, or do not 
care to pursue the study of the elements of astronomy further 
than a good three-inch instrument will well illustrate. The 
instrument so described, we purchased with a view of testing it 
carefully to see just what it would do, with the intention of pub- 
lishing the results for the information of any who might be inter- 
ested. The nights on which the new telescope was tried were 
not good observing nights; so the best the instrument can do 
was not then fully shown. 

In the further study of the work a three-inch telescope ought 
to do, we may say that the usual tests of its power are those 
which show (1) How it divides close double stars; (2) How 
it defines test objects and (3) What its space penetrating 
power is. In regard to dividing close double stars, test objects 
that are suitable for any telescope are chosen by aid of the 
4.”56 
the object-glass of the instrument, in inches. If we break a = 3, 
then theoretically, the three-inch telescope ought to divide a 


Dawes formula which is ,the a being the clear aperture of 
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double star, the distance of whose components is as much as 
1”.52 of arcfapart. Todo this fairly, the condition of the at- 
mosphere ought to be, at least, fairly good to secure a clean, 
distinct separation of the components of the double star. When 
viewing double’stars at or near the limit of the dividing power of 
the instrument, sometimes the test star will appear as a single 
disk elongated. Such results are not satisfactory as tests, or, 
for any other use except to suggest the probability of duplicity, 


if that fact is not already known. The empirical formula, 

given above, and credited to Dawes is very generally accepted 

among astronomers as fairly correct, but not all scholars of 

33 


reputation agree. Dallmever preferred That means that 


a three-inch telescope should divide a double star whose com- 
ponents are 1”.45 of are apart; a little stronger test than that 
which the previous formula requires. 

It will be borne in mind that the double stars which ought to 
be used for the test of dividing power of the three-inch telescope 
should be those whose components are nearly of the same mag- 
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nitude. The difference of the brightness of the two components 
should not be much greater than one magnitude. In such cases 
the test for this quality of the telescopes will be fairly applied, 
the purpose of the dividing test being to show how nearly 
the makers have come, in any particular instrument, to the 
theoretical standard of the best that can be made. Below is 
given a list of stars belonging to this class of test objects. 

We also give a second list of double stars whose components 
differ from those of the preceding class. Each pair in this class, 
consists of a bright star and a faint, or a comparatively close, 
companion. These defining tests will show how well the makers 
have done their work in trying to secure perfection of figure for 
the object-giass. 

A third list of double starsis given to furnish tests for the 
light gathering power of the instrument or, its space penetrating 
power, asit is sometimes called. It will be noticed that this 
third list of stars is made up of those doubles whose components 
are more unequal than either of the other two. Such pairs are 
chosen for the purpose of determining whether or not the tele- 
scope can gather enough light to reach’ and reveal taint com- 
panion stars more or less buried in the light of their near and 
brilliant primaries. 

We have arranged these three groups of stars nearly in the 
order in which they shoud stand for increasing severity of test 
until the theoretical limit for a three-inch telescope is reached, 
These tests are only a few of the many that might be chosen, 
and probably not all the best that might have been selected; but 
they seem to the writer sufficient for the purpose in hand. 

Amateurs who may be interested in these trial tests will bear 
in mind that delicate work of this kind requires good observing 
conditions and a good eye at the telescope for the best results. 

Divininc Tests For a THREE-INCH GLAss. 


Distance. Magnitudes. 
33 Orionis 1.76 6.0 7.0 
12 Lyncis 1.70 8.7 5.7 6.4 7.4 
85 Persei 1.69 , 
X Ophiuchi 1.65 4.4 5.4 
Libre 1.51 5.2 6.2. 
187 Ceti 1.50 Cok 7.3 

DEFINING TEsTs For A THREE-INCH GLAss. 

Distance, Magnitudes. 

o Cephei 2.59 5.2 7.6 
49 Leonis 2.39 6.2 8.4 
70 Ophiuchi 2.05 4.3 6.2 
84 Virginis 3.56 5.7 8.0 
23 Aquile 3.33 5.7 9.0 
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SPaCE-PENETRATING TESTs. 


Distance. Magnitudes. 

59 Aurige 22.2 6.7 10.0 
X Geminorum 9.5 3.5 9.8 
57 Pegasi 32.8 §.2 10.0 
vy Urse Maj. 7.0 3.5 9.6 
6 Equulei 40.0 4.5 10.0 
a Tauri 115.0 1.1 10.3 
8 Delphini 3.55 3.5 10.6 


For the last two weeks the weather has been so unfavorable 
ccnstantly, that no opportunity has come for a trial of any of 
these tests. We regret this very much, for what we know of 
this new three-inch telescope, leads us to believe that it will 
stand well under the severest test that can be made of it. 

The few stars which we have given above are very easily found 
by the aid of any good star map, such as Proctor’s, or that of 
Upton, or from the star guide by Clark and Sadler. In indenti- 
fying them, an opera glass would be of service, if the amateur 
wishes to work rapidly. We shall continue to look for an op- 
portunity to use, at least some of the tests given above. 


OCCULTATIONS OF STARS IN THE HYADES, DEC. 20, 1904. 


H.C. WILSON, 


A rather interesting series of occultations of stars by the Moon 
will occur on the evening of Dee. 20, 1904, when the Moon 
passes through the Hyades group in the constellation Taurus. 
The frontispiece chart shows the apparent pathof the Moon’s 
center through the group, line AB representing the path as seen 
from the center of the Earth and MN that seen from Northfield. 
The difference between the two apparent paths is due to the 
parallax of the Moon, which was carefully computed in prepar- 
ing the chart. The figures 2" to 9" indicate the hours of Central 
Standard time when the Moon's center will be at the several 
points marked. On MN [have also marked off the ten-minute 
divisions of the hours. The circles represent the apparent size of 
the Moon. 

The star positions on the chart were located by placing tracing 
cloth over an enlargement of a photograph of the Hyades, and 
platting with pen and ink the more prominent star images. The 
positions of a, y and e, had first been platted to scale and the en- 
largement of the photograph was made to fit the same scale. 
The faintest stars shown on the chart are of about the ninth 
magnitude. These are the photographic magnitudes, which in 
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many cases do not agree with the visual magnitudes. 

At Northfield the Moon will rise at 3" 27™ p. M., Central time 
and so the occultations of the stars 6, and 6, will occur too near 
: the horizon to be observed. Their emersions may be caught at 
P about 4" 30" and 4" 36". At about 4" 35™ the advancing edge of 
EF the Moon will reach the star B. A. C. (British Association Cat- 
alogue) 1391. This is a star of the fifth magnitude and its 
sudden disappearance behind the edge of the Moon will be inter- 
esting to note. Four or five minutes later the 7.5 magnitude 
star B. A.C. 1394 will also be covered. The Moon on that 
night will be only two days from the full so that fainter stars 
sannot be observed. The exact moment of the immersion or 
disappearance of the brighter stars will be much easier to note 
than their emersion or re-appearance, because in the former case 
not only is the star in sight up to the moment of its disappear- 
ance but also the phenomenon occurs at the dark edge of the 
| Moon, while the emersion occurs at the bright edge and the star 
comes into sight unexpectedly and often at a different spot trom 
iB that at which the observer is looking. 

After an interval of about an hour the star B. A. C.1391 will 
emerge as suddenly as it disappeared, very close to the west 
point of the Moon's limb, at 5" 36™ as near as can be read from 
the chart. Two or three minutes later B. A. C. 1394 will also be 

“uncovered at a point a little farther south on the Moon’s limb. 

At 6" 01" the Moon will reach the 7.5 magnitude star B. A. C. 
1406 and will measure its diameter in passing that star in about 
1" 08", the star emerging at 7" 09", approximately. 

The star Aldebaran (« Tauri) will then be close to the east 
edge of the Moon and at 7" 16" the observer may have the ex- 
quisite pleasure of witnessing this famous red star of the first 
magnitude as its light is cut off in an instant by the encroaching 
dark edge of our satellite. Again an interval of an hour and ten 
minutes, more or less, and the ruddy star will emerge almost at 
the west point of the Moon’s disk, regaining its splendor as in- 
stantly as it lost it. 

Let the reader, as he contemplates the phenomenon, think for a 
moment of the comparative size of the two bodies; the one ap- 
parently small but really large, a giant among suns, yet so dis- 
tant that its millions of miles of diameter are covered in an in- 
stant by the intervening Moon; the other apparently large but 
really small, yet so near that its paltry 2,000 miles of diameter 
not only cover the giant Sun but cover it millions of times over. 

’ The times given in this note will serve only for the vicinity of 
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Northfield. The corresponding data for Washington are given in 
the table of Occultations visible at Washington. For other lo- 
calities it will be necessary to compute the correction for the 
Moon’s parallax, which varies greatly with the Moon’s position 
in the heavens. 

The following table gives the Moon's right ascension and 
declination, and its equatorial horizontal parallax and semi- 
diameter, as seen from the center of the Earth, tor the hours of 
the occultations referred to. 


CentralStandard R.A. Decl. Equa. Hor. Radius. 
2 4 16 31.7 +16 12 59 56 37 15 27 
3 417 454 +16 18 17 56 38S 18 37 
af 4 19 59.4 +16 23 31 56 40 15 2 
5 4 22 13.6 +16 28 39 56 41 15 28 
6 4 24 28.0 +16 33 43 56 43 15 29 
7 4 26 42.8 +16 38 41 56 44 15 29 
8 4 28 57.8 +16 43 34 56 46 15 30 
9 4 31 13.0 +16 48 22 56 48 15 30 


The Moon will be on the meridian at Greenwich Dec. 20, 10" 
24".6G. M. T. and at Northfield at 16" 50".7 G. M. T. or 10" 
50".7 Central Standard time, the change for each hour of lon- 
gitude being 2.17 minutes. 


SPECIAL TELEGRAPHIC TIME SIGNAL FROM THE 
NAVAL OBSERVATORY. 


WM. W. PAYNE. 


On September 8, 1904, an evening reception was given, at the 
Naval Observatory, Washington, D. C., to the Eighth Interna- 
tional Geographical Congress that was then in session at that 
place. As an interesting incident for this reception, C. M. Chester, 
Rear-Admiral U. S. N., Superintendent of the Naval Observatory 
had previously arranged with the various telegraph and cable 
companies of the world, for the transmission of a midnight 
telegraphic time-signal, on that day, in order to show to the 
Geographic Congress, the promptness and effectiveness of the 
Washington Time Service for the distribution of correct time 
over wide areas. 

At the close of the reception, the members of the Congress 
interested assembledin the rooms of the Department of Chronom- 
eters, to witness the trial of sending a time signal to all parts 
of the world, by the beating of the Observatory clock in Wash- 
ington over all telegraph and cable !ines connected withthe clock, 
and otherwise tree so that the one clock could operate them all 
simultaneously. 
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At five minutes before twelve, on the evening of September 8, 
all was in readiness for the trial. Hon. Paul Morton, Secretary 
of the Navy, turned on the current, and immediately the clock 
began to make its ticks on the long lines everyway and every- 
where, omitting one second at each half minute, and five seconds 
at the end of each minute, up to the last minute, at which time 
there was a break of ten seconds, after which asingle tick marked 
the exact time of the Washington midnight. 

The telegraph and cable companies coéperating in the distribu- 
tion of this midnight time-signal were as follows:—Western 
Union, Postal Telegraph and Commercial Cable, Central «nd 
South American Telegraph, Telegraph Dept. Canadian Pacific Ry. 
Gov't Telegraph Service, Dominion of Canada, Chief Signal 
Officer, U.S. Army. Hydrographer to the Bureau of Equipment, 
Naval Department. 

In a few minutes after the close of the signal, replies began to 
be received, and much interest was felt in them by those members 
of the Congress who remained to participate in this part of the 
program. Thirty-six replies by telegraph are reported to have 
been received. They were from the following sources:—Pres. 
Diaz, of Mexico; Pres. Francis, of the Louisiana Purchase Ex- 
position, St. Louis; Adelaide Obs’y, Australia, (two messa- 
ges); Melbourne Obs’y, Australia; Sydney Obs’y, Australia; 
Wellington Obs’y, New Zealand; Madcas Obs’y, India; Royal 
Obs’y, Mauritius; Royal Obs’y, Cape Town, S. Africa; As- 
tronomer Royal, Greenwich, England; Pulkowa Obs’y, Russia; 
Royal Obs’y, Libson, Portugal; Royal Obs’y, Madrid, Spain; 
Royal Obs’y, Roman College, Rome, Italy; Cordoba Obs’y, 
Argentina; Rio Janeiro Obs’y, Brazil; Quito Obs’y, Ecuador; 
National Obs’y, Tacubaya, Mexico; McGill College Obs’y, Mon- 
treal, Canada; Toronto Obs’y. Meteorological Service, Canada; 
Naval Governor of Guam, Ladrone Islands; Commandant of 
Naval Station, Honolulu, H. 1.; Commanding Officer of Marine 
Barracks, Sitka, Alaska; Observatory of Harvard University, 
Cambridge, Mass.; Lick Obs’y. Mt. Hamilton, Cal.; Yerkes 
Obs’y, Williams Bay, Wis.; Observatory of Princeton University, 
N. J.; Lowell Obs’y, Flagstaff Arizona; Goodsell Obs'y, North- 
field, Minn.; Washburn Obs’y, Madison, Wis.; Chamberlain 
Obs'y, Denver, Col.; Laws Obs’y, Columbia, Mo.; Allegheny 
Obs’y, Allegheny, Pa.; Obs’y at Mare Island, Navy Yard, Cal.; 
Branch Hydrographic Office, New York. 

Only a portion of the replics gave the interval of time occupied 
in the transmission of the time-signal message. This is to be re- 
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gretted for the reason that it is very desirable to know how 
efficient the telegraph and cable service is for very long distance 
work. The question is now being discussed, whether or not it is 
now possible and desirable to have one system of time for the 
whole world. No doubt this trial and some others in recent 
time have been made by parties interested for the purpose of 
furnishing evidence to bear in this important question. Below 
we give the results of this last trial in regard to time-interval for 
the transmission from all the replies that contained it: 


Source. Telegraph Co. Interval. 
Adelaide Obs’y, Australia Western Union 11 36 
Melbourne Western Union 9 OO 
Sydney Postal 2.25 
Madras s India Western Union 53.5 
Mauritius “ 17 47. 
Cape Town ‘ Africa Postal & W.U. 2 35 
Madrid ‘Spain Western Union 2 30 
Roman Italy (early) 10 
Cordoba Argentina 2 
Rio Janeiro “ Brazil 19 41.4 
Quito Ecuador 2 1. 
Toronto Canada 0.12 
Sitka Officer, Alaska (early) 38.9 
Harvard Obs'y, Cambridge Western Union 00.1 
Lick Mt. Hamilton, Calif. (early) 00,24 
Goodsell Northfield, Minn. 00.10 
Washburn Madison, Wis. 00.30 
Chamberlain “ Denver, Col. . 00.07 
Laws Columbia, Mo. 00.54 
Mare Island “California (early) 00.32 
Allegheny Allegheny, Pa. “ 00.42 


Under date of Oct. 6, the Superintendent of the Naval Observa- 
tory makes the following statement which has reference to in- 
tervals marked “early” in the preceding list. He says: “It may 
be added that the reported receipt, in some cases, of the time 
signals at a time earlier than when they started, probably means 
that the latter portion of the five-minute series of signals failed 
to get through telegraphs or cables, so that the final signal re- 
ceived started earlier than midnight. The above record is very 
impressive as indicating the perfection of a system by means of 
which the Naval Observatory clock can be practically heard 
around the world, and a message from the Congress delivered 
and acknowledged within a very few minutes from points as far 
away as Adelaide, Guam and Mauritius.” 

The long intervals in a tew cases are perplexing if the wire con- 
nection was continuous. If messages were repeated at any point 
in transmissiou to Mauritius or Rio Janeiro, for example, an in- 
terval of a few minutes might be necessary. 
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The two messages from Adelaide Observatory, Australia, one 
by the Western Union and the other by the Postal Co., show a 
remarkable difference of time interval. The routes of transmis- 
sion were very different but that fact is not alone sufficient to ex- 
plain the great difference of time needed for transit. 

We are under obligations to the Superintendent of the Naval 
Observatory for a very full account of the details of this special 
time-signal experiment, the substance of which it is a pleasure to 
give to our readers. 

Inacircular sent Aug. 31, 1904, to observatories generally, 
preparatory to a general coéperation in the time-signal of Sept. 
8, the following statement occurs which may be compared with 
what precedes. It relates to a similar signal that was sent New 
Years’ Eve, from Washington with the results for time intervals 
of transmission as given below:— 


Lick Observatory, California 0.05 
National Observatory, City of Mexico 1.19 
Royal Observatory, Greenwich, England 1.33 
Sidney Observatory, Australia 3.50 
Wellington Observatory, New Zealand 4.00 


There is very little doubt but that a time-signal could be de- 
vised and could be distributed all over the world effectively if the 
means now available for such service were put to the task 
systematically. 


SUNSPOT VARIATION IN LATITUDE.* 


BY E. WALTER MAUNDER, F. R. A. S. 


In his letter, under the above title, in the August number of this 
journal Dr. Lockyer complains that Father Cortie and myself 
have misunderstood the meaning of the term “spot-activity 
track” which he has originated. I think this complaint has no 
justification in fact. Certainly, for myself, I did not suppose 
that he intended the term to apply to the proper motion of any 
individual spot, but it is abundantly clear that he did intend to 
intimate by it that the spots were gathered together in certain 
districts or regions, separated from each other by broad barren 
intervals, and that these districts, rich in spots, moved continu- 
ously downwards towards the equator; so that the entire 
“eleven-year period”? was the summation of three, four, or five 
separate and distinct shorter cycles of activity. Dr. Lockyer 
himself applies the term ‘‘zone’’ to these districts; he has drawn 
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them in his diagrams as distinct, widely separated, areas, each 
one moving continuously towards the equator; and his descrip- 
tions of them perfectly accord with his diagrams. He writes:— 

“From sun-spot minimum to minimum there are three, but 
generally four distinct ‘spot-activity tracks,’ or loci of move- 
ments of the centres of action of spot disturbance.” (Proc. R. S., 
Vol. LXXIII., p. 147.) 

Again:— 

These ‘spot-activity tracks’ have possibly a terrestrial equiv- 
alent in the variations trom vear to year of the positions of the 
‘Zugstrassen’ or cyclone tracks of KGppen, it having been found 
that cyclones in general, which move in the direction of the great 
mass of air carried by primary currents, have a strong tendency 
to pursue somewhat the same tracks according to the place of 
origin.”” (Ibid, p. 147.) 

Yet again:— 

‘‘Spoerer’s Law of Spot Zones is only approximately true, and 
gives only a very general idea of sun-spot circulation. Spoerer’s 
curves are the integrated result of two, three, and sometimes 
four ‘spot-activity track’ curves, each of the latter falling nearly 
continuously in latitude.”’ (Ibid, p. 152.) 

Again, speaking at the Royal Astronomical Society, on 1903, 
May 8, Dr. Lockyer said:— 

“The general idea about the spot zones is that spots begin in a 
zone in high latitudes (about + 30° to + 35°), and this zone 
gradually approaches the equator until the spots vanish about 
latitude + 5°, the new cycle commencing again in + 35°. Now 
a glance at this diagram* shows that this is far from correct, 
because sometimes there are two, and occasionally three 
spot zones in existence in one hemisphere at one moment. Take 
the case of the year 1893, when you have three zones. The 
curves of Spoerer are, therefore, very misleading, for by taking 
the mean position of several spot zones you arrive at a latitude 
in which spots may not exist at all.” (Observatory, 1903, June, 
p. 236.) 

It was because these descriptions answered to nothing on the 
Sun that I communicated a “Note on the Distribution of Sun- 
spots in Heliographic Latitude’? to the Royal Astronomical 
Society at its last meeting. I explained therein the nature of the 
mistake which Dr. Lockyer had made with regard tothe maxima 
on which he based his paper, and that his method of joining 
them up so as to show apparent lines of drift was not only 
purely arbitrary, but was often against very distinct and pos- 
itive evidence. 


* The diagram of my paper communicated to 
1903, May 8. 


the Society at this meeting, 
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Is Dr. Lockyer’s statement that his ‘spot-activity tracks” ‘‘are 
not tracks on the solar disc,’ and that his paper, read before the 
Royal Society in 1904, February 11, has been ‘misunderstood,” 
intended as a withdrawal of these descriptions and definitions of 
“spot-activity tracks” which I have quoted—in fact, of all the 
main body of his paper? If so, I think it was a pity to publish 
in ‘Knowledge and Scientific News” a diagram to explain how 
he had been led to take up a position which he now finds to be 
untenable. 

Dr. Lockyer objects to the note on p. 159 in this journal for 
July, and claims that Father Cortie rather corroborated than 
opposed his result. I do not so read Father Cortie’s paper. His 
words are:— 

“These facts, however, as to the persistence of the disturbance 
in definite regions at some epochs, and dearth of spots at others, 
do not lend much countenance to the view of the variation in 
latitude being affected by a series of ‘spot-activity tracks.’ ”’ 
(Monthly Notices, Vol. L.XI1V., p.766.) 

The last two sentences in Dr. Lockyer’s letter form a claim 
which ought not to have been made. He says: 

“T pointed out, as one of the main results of my investigation, 
that outbursts of spots in high latitudes are not restricted 
simply to the epochs at or about a sun-spot minimum, but occur 
even up to the time of sun-spot maximum.” (‘‘Knowledge and 
Scientific News,”’ 1904, August, p. 182). 

Dr. Lockyer’s “investigation,” so far as it relates to the vears 
1874-1902, consisted solely in taking the results of my paper, 
prepared by the desire of the Astronomer Royal for the Royal 
Astronomical Society, 1903, May 8, and adding the figures there 
given, in seis of ten, of five, and of three. A computer of average 
skill would do this easily in a couple of hours. But the effect of 
this treatraent would not be to bring out the fact to which he 
alludes, but rather to obscure it. He found the tact ready to his 
hand, explicitly set forth in three-fold fashion in this paper of 
mine upon which he was avowedly working. It was set forth in 
the diagrams, in the numerical tables, and in the brief preliminary 
text. The latter ran thus:— 

“Spots in a higher latitude than 33° were at all times rare, and 
when seen were never large or long-lived. Taking them as a 
class by themselves they were seen irregularly, appearing at 
times which did not seem to bear any fixed relation to any one of 
the four chief stages of the sun-spot cycle—minimum, increase, 
maximum, and decline. Omitting these spots in very high lat- 
itudes—a term which would cover a zone 10° wide in each hem- 
isphere, from 33° to 42°, for no spots were observed in a latitude 
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greater than 42°—the years of maximum, 1883 and 1893, 
showed spots in practically every latitude between 30° north 
and 30° south, and they were numerous from about 8° to 24° in 
both hemispheres.”” (Monthly Notices, Vol. LXIII, p. 452.) 
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PLANET NOTES FOR DECEMBER. 


H. C. WILSON. 


Mercury will be evening star in December and will be visible for a few days 
during the middle of the month. The planet will be at greatest eastern elonga- 
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tion, 20° 30’ from the Sun, Dec. 14, and will come to inferior conjunction with 
the Sun on the morning of Dec. 31. It will be brightest from Dec. 14 to 20. 

Venus will also be evening star, and will be a conspicuous object in the south- 
west for from two to three hours after sunset. The phase is gibbous, decreasing 
from 0.78 to 0.70 during the month, while the brightness will increase from 76 
to 93. 

Mars during December will be morning star, being near the meridian at 
7a.M. The ruddy planet is passing through the constellation Virgo and during 
the last days of the month will be between three and four degrees north of the 
first magnitude star Spica. The apparent diameter of the planet is quite small, 
increasing from 5” to 6” during December, so that the surface markings will be 
seen with difficulty. 

Jupiter is seen towards the south at a good altitude in the early evening. He 
far surpasses in brightness any star in this part of the heavens. The red belts 
and the four satellites are usually easily seen. On Dec. 16 Jupiter will be at the 
stationary point at the west end of the loop in his annual path among the stars 
and after that time his motion will be north-eastward for several months. 

Saturn is to be seen towards the south-west in the early evening. On the 
nights of Dec. 27 and 28 Saturn and Venus will be quite near each other, the two 
planets being in conjunction in right ascension at 3 a. M., central standard time, 
on the morning of the 28th, when Saturn will be only 48’ north of Venus. 

Uranus will be in conjunction with the Sun Dec. 22, and so will be invisible 
during the month. 

Neptune will be at opposition Dec. 28, and may be observed with a telescope 
during most of the night. This planet’s position is R. A. 6" 32™ 245, Decl. + 22° 
13’ on Dec. 1 and R. A. 6" 28" 545, Decl. + 22° 15’ on Dec. 31. It looks like a 
star of about the eighth magnitude, only its light is a little duller and its disc 
may be discerned if a sufficiently high power be used. No definite permanent 
markings have been identified upon its surface with any telescope. 


The Moon. 
Phases. Rises. Sets. 
(Central Standard Time at Northfield. 
Local Time 13m less.) 


1904 h m m 
Dec. 6 6 42a. mM. 4 41 P.M. 
Poret. 12 25 P.M. 76 * 
Last 41 5Op. M. 12 12 Pp. mM. 
Occultations Visible at Washington. 
IMMERSION. EMERSION. 

Date. Star's Magni- Washing- Angle Washing- Angle Dura- 
1904. Name. tude. ton M.T. fm N pt. tonm.T. f'mNpt. tion. 
h m : h m . h m 
Dec. 1 Mars 14. O7 110 15 U8 290 1 
2 F Virginis 4.9 15 24 88 16 19 316 0 55 
B.AC. 6.0 5 56 86 02 246 1 06 
14 20 Piscium 5.7 10 50 62 11 54 255 1 O4 
17 «64 Ceti 5.7 14 20 138 14 48 195 O 28 
20 B.A.C 1391 5.0 5 21 74 6 24 254 1 03 
20 B.A.C. 1394 7.5 5 26 87 6 28 24.2 1 02 
20 B.A.C. 1406 7.5 6 55 90 8 06 236 i ii 
20 a Tauri 1.0 8 17 83 9 38 245 1 21 
21 111 Tauri 5.2 4 53 126 5 31 213 0 48 
21 115 Tauri 5.4 6 31 358 6 42 338 0 10 
26 B.A.C. 3538 7.0 9 32 98 10 27 288 0 55 
26 44 Leonis 6.2 10 51 98 11 53 292 1 03 
28 » Virginis 4.1 13 56 145 14 54 262 oO 58 
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PHENOMENA OF JUPITER’S SATELLITES. 


(Central Standard Time]. 


h m m 
Dec. 1 6 OSp.m. III Tr. Eg. Dec. 18 iT I Sh. In. 
III Sh. In. I Tr. Eg. 
III Sh. Eg. 19 12 30a. M. I Sh. Eg. 
2 10 I Tr. In. 6 21 P.M. I Oc. Dis. 
™ I Sh. In. 37 ™ III Ec. Dis. 
3 is I Oc. Dis. III Ec. Re. 
i 26°" I Ec. Re. 9 47 * I Ec. Re. 
4 S 2a." I Tr. In. 20 4 46 * I Sh. In. 
6 26 * 1 Sh. In. 5 44 “ I Tr. Eg. 
41 20 * I Tr. Eg. 6 58 “ I Sh. Eg. 
* I Sh. Eg. il Te. kn. 
9 is “ II Oc. Dis. Ii 35 “ II Tr. Eg. 
& 65 1 Ec. Re. Sh. In. 
6 4 08 * II Tr. In. 21 4 16 ~* 1 Ec. Re 
& 2i * II Sh. In. 22 5 49 * II Oc. Re. 
27 it Te. Be. 53 * II Ec. Dis 
& 60 * II Sh. Eg. a os * II Ec. Re. 
8 “ae Tr; In. “£5 10 54 Tr. in. 
9 45 “ III Tr. Eg. 26 4 57 “ Ill Oc. Dis. 
10 10 I Oc. Dis’ 1 III Oc. Re. 
11 2a i Tr. In. 8 14 I Oc. Dis. 
I Sh. In. 10 * Ill Ec. Dis 
9 24 * I Tr. Eg. 11 43 “ I Ec. Re. 
10 34 “ I Sh. Eg. 27 12 O6 a.m. III Ec. Re 
II Oc. Dis. 22 Pp. m. 
12 431 “ I Oc. Dis. G 4i “ I Sh. In 
(a ie I Ec. Re. 7 36 * I Tr. Eg 
13 5 03 “ I Sh. Eg. 8 54 ‘“ I Sh. Eg 
25 Il Tr. In. it az {1 Tr. In 
9 00 “* II Sh. In. 28 Ss ia I Ec. Re. 
9 05 “ II Tr. Eg. 29 5 60 “ II Oc. Dis 
at 2 * II Sh. Eg. 8 2 II Oc. Re 
15 &§ 41 “* IT Ec. Re. Ss so * II Ec. Dis 
Tr. in. 10 &4 II Ec. Re. 
17 11 63 “ I Oc. Dis. 31 6 05 * II Sh. Eg. 
18 “ ‘fr. in. 


Note.—In. denotes ingress; Eg., egress; Dis., disappearance; Re., reappear- 
ance; Ec., eclipse; Oc., occultation; Tr., transit of the satellite; Sh., transit of 
the shadow. 


COMET AND ASTEROID NOTES. 


New Asteroids.—The following have been added to the list of new minor 
planets since our last note: 


Discovered 
by at Local Mean Time. R. A. Decl. Mag. 
h m h m 
1904 OR Kopff Heidelberg 1904 Sept. 6 13 24.7 23 23.6 + 7 25 12.8 
OS Ba = Sept. 5 9166 17 265 — 423 12.2 
OT Sept.11 1214.00 104.7 +2010 12.1 
OU Sept.11 1214.00 105.4 +2004 12.5 
OV kKopff Sept.11 1316.9 157.1 +2506 13.3 
OW Gotz Sept. 19 13 34.9 119.4 + 908 11.0 
OX Koptt = Sept.19 14233 2104 + 925 13.0 
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VARIABLE STARS. 


Minima of Variable Stars of the Algol Type. 
[Given to the nearest hour in Greenwich Mean Time.] 
# U Cephei. R Canis Maj. 5 Antliz. Z Draconis. SW Cygni. 
d h 
1 dt dt doh 
Dec. 2 8 Dec. 11 21 Dee. 9 21 Dee. 5 20 Dee. = 
4 19 138. (OO 10 20 4 
7 14 3 11: 20 8 13 20 17 
9 19 15 6 12 19 9 22 25 7 
12 7 16 10 13 18 11 6 29 20 
14 19 1 c 13 14 18 12 15 UW Cygni. 
17 7 18 16 16 17 13 23 
19 18 19 20 16 16 15 8 
22 6 20 23 17 16 
24 18 22 2 18 15 1s 1 10 23 
28 6 23. = 5 19 14 19 10 14 9 
i 30 18 24 9 20 14 20 18 17 20 
Pereei 25 12 21 13 22 3 
26 15 22 12 23°11 
27 18 23 12 24 20 
28 22 24 11 264 
30.1 35. 20 27 13 
31 4 26 10 28 22 W Delphini. 
16 22 V Puppis. 27) 30 6 Dee. 8 12 
2604 ; Dec. 2 13 
Alvol 6 20 S Velorum. 7 4 of ke 
8S Dee. + 1 9 12 VV Cygni. 
Dec. 20 9 18 8 23 11 20 fee. 2 3 
11 5 15 22 14 4 3 14 
12 16 21 20 16 12 
14 3 27 18 18 20 6 13 
12 15 14 4 
18 W. Urs. Maj. 283° 11 1 
1s 15 18 12 Dec. 1-20 11 19 
21 12 9 21-31 1! 11 
19 23 21-31 12 ox 3 
2 
27 «6 RR Velorum. 30 11 13 22 
30 2 24 7 Dee. 1 14 U Corone. 15 10 
Tauri 25 18 3 11 Dee 2 O 16 21 
& 7 5 11 18 9 
Dec. 3 14 28 16 7 4 8 22 19 20 
7 13 30 3 9 O 8 19 21 8 
a5 11 12 31 14 10 21 12 9 22 19 
8 Dec. 5 22 16 10 22 17 
: 27 7 15 10 ‘6 % 4 28 17 
31. 24 21 20 «(38 299 15 
R Canis Maj. S Antliz. SY Cygni. 
Dec. 2.25 Dee. 1 3 25 17. Dee. 8 23 VW Cygni. 
2 19 22 27 13 9 23 Dec. 5 20 
2 10 15 23 14 6 
31 6 21 23 22 17 
6 4 > =e 27 23 31 3 
og 6 O Z Draconis. 
8 11 6 23 Dec. 1 18 SW Cygni. Y Cygni. 
9 14 7 22 Bee: 2 10 Dec. 1 20 
10 18 8 22 4 11 «1 ® 3 11 
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Minima of Variable Stars of the Algol 


Y Cygni 
d h 
Dec + 20 
ii 
7 20 
9 11 
10° 20 


Approximate Magnitudes of Variable Stars Oct. 


(Communicated by the Director of Harvard College Observatory, Can 


Name. 


T Androm. 
T Cassiop. 
R Androm. 
S Ceti 

S Cassiop. 
R Piscium 
U Persei 

R Arietis 

o Ceti 

S Persei 

R Ceti 


R Trianguli 
R Persei 

R Tauri 

S 
R Aurige 

U Orionis 

R Lyncis 

R Gemin. 

S Canis Min. 
R Cancri 

S Hydrae 

R Leo. Min. 
Rk Leonis 


R Urs. Maj. 


R Comae Ber. 


T Virginis 
R Corvi 

Y Virginis 
T Urs. Maj. 
R Virginis 
S Urs. Maj. 
U Virginis 


Xk Hydrae 
Virginis 
Can. Ven. 
Bootis 


DAR 


Y Cygni 


h 
Dee. 12 11 
13 20 
15 11 
16 20 
18 11 


13 
14 


R. A. 
1900. 


Dec. 


Y Cygni 


Dec. 


Decl. 
1900. 
, 


+26 


+55 


+35 
9 5¢ 


+72 
+ 2 


+54 


+24 36 


26 
14 


16 


Magn. 
14 
14 
10 d 
10 d 
14 
9.3d 
1057 
10.5d 
10.57 
8.0d 
13 d 
8 1 
s 
s 
s 
s 
s 
s 
8S d 
i2 d 
9 d 
s 
s 
12.5d 
Ss 
12.8d 
s 
s 
Ss 
s 
10.6d 
10 d! 


Name. 


R Camel. 
R Bootis 
S Librae 
S Serpentis 
S Coronae 
S Urs. Min. 
R Coronae 


R Serpentis 
R Herculis 
R Scorpii 

S 

U Herculis 
W Herculis 
R Draconis 
S Herculis 
R Ophiuchi 
T Herculis 
R Scuti 

R Aquilae 
R Sagittarii 


R Cygni 
S Cygni 
RS 


R Delphini 
U Cygni 


T Aquarii 
R Vulpec. 
T Cephei 


S Lacertae 
R 

S Aquarii 
R Pegasi 
S 

R Aquarii 
R Cassiop. 


d 
27 
28 
30 
31 


~ 


oo 


Y Cygni 


— to orbs 


Ty pe.—Continued. 


UZ Cygni. 


Dee. 


h 


d 
24 8 


10, 1904. 
nbridge, Mass.] 


Decl. Magn. 


1900. 

+84 17 11.5d 
+27 10 9.51 
—20 2 s 
+14 40 Y.8d 
+31 44 12.8d 
+78 58 8.07 
+28 28 6 
+39 52 11.2d 
+15 26 Sd 
+18 38 8.5 
—22 42 s 
—22 39 s 
+19 7 12.5d 
+37 32 9 i 
+66 58 8.371 
+15 7 85d 
—15 58 7.5d 
431 0 
— 549 5.5d 
+8 d 
—19 29 8 f 
—19 12 t 
+49 58 13.5 
+48 32 7.71 
+32 40 9 7 
+57 42 14 d 
+38 28 7.51 
+8 4711 d 
+47 35 9.2d 
+47 4713 d 
— 5 31 9.5d 
423 26 8.5d 
+68 510d 
+78 10 10.5d 
+39 48 12.5d 
+41 5113 d 
—20 53 13 f 
+10 O 8.5d 
+ 8 22 10.57 
—15 50 10.8 
450 50 13 d 


Note:—f denotes that the variable is probably fainter than the magnitude 
13; 7, that its light is increasing; d, that its light is decreasing; s, that it is near 
the Sun; u, that its magnitude is unknown. 


From observations made at 


vatories. 


the Halsted, McCormick and Harvard Obser- 


d oh h 
19 20 11 
2i ii 20 
22 20 11 
24 11 19 
25 20 
h m h m : 
0 17.2 14 25. 
178 14 32. 
0 1g 15. 
0 19.0 1g 17. 
1 5 1 
1 25.5 22 ig 33. 
1 52.9 HE 20 la 44. 
2 10.4 | 45.5 
2 14.3 iff 46 
2 15.7 +58 8 16 1 
2 20.9 — 0 38 16 11 
2 28.9 —13 35 16 11 
2 31.0 +33 50 16 21 
3 23.7 +35 20 16 31 : 
4 22.8 + 9 56 16 32 
4 23.7 + 9 44 16 47 
5 9.2 +53 28 17 ; 
5 49.9 +20 10 18 
6 53.0 +55 28 18 ; 
7 1.8 +22 52 19 
7 27.3 + 8 32 19 
8.11.0 +12 2 19 95.6 
8 16.0 +17 36 19 9.1 
8 48.4 + 3 27 19 fJo.s8 
8 50.8 — 8 46 19 6.7 
9 39.6 +34 58 20 3.4 
9 42.2 +11 54 20 9.8 
337.6 +69 18 20 10.1 
11 259.1 +19 20 20 16.5 
12 9.5 — 5 29 20 38.1 
12 14.4 —18 42 20 44.7 
12 28.7 — 3 52 20 59.9 
12 31.8 +60 2 21 8.2 
12 33.4 + 7 32 21 36.5 
12 39.6 +61 38 22 24.6 
12 460 + 6 6 22 38.8 
é 13 22.6 — 2 39 22 51.8 
13 24.2 —22 46 23 «1.6 
13 27.8 — 6 41 23 15.5 , 
a 44.6 +40 2 23 38.6 
19.5 +54 23 53.3 
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Variable Stars of Short Period not of the Algol Type. 
Minimum. 


T Vulpeculae 
SU Cygni 

T Velorum 

S Crucis 

T Crucis 

Lyre 

S Triang. Austr 
V Velorum 
W Geminorum 
TX Cygni 

S Sagittaz 

V Carinae 

§ Geminorum 
R Crucis 
Aquilae 

6 Cephei 

X Cygni 

SU Cygni 

V Centauri 
T Vulpeculae 
T Velorum 

V Velorum 

S Crucis 

S Muscae 


S Triang. Austr. 


B Lyre 

U Vulpeculae 
T Crucis 

SU Cygni 

6 Cephei 

T Vulpeculae 
W Geminorum 
V Carinae 

V Velorum 

R Crucis 

T Velorum 

V Centauri 

S Crucis 

S Sagittae 

Aquilae 

W Virginis 
SU Cygni 

¢ Geminorum 
T Vulpeculae 


S Triang. Austr. 


B Lyre 

V Velorum 
5 Cephei 

T Crucis 

T Velorum 


Dec. 


a 


Maximum. 
h d h 
6 Dee: 2 15 
15 2 23 
18 3 @3 
0 a 32 
0 4 1 
1 5 8 
4 4 
3 3 2 
10 & 1 
12 7 15 
6 18 
22 2 
6 9 6 
1 6 10 
3 7 i2 
11 6 20 
11 16 
1] 6 19 
14 
16 
9 i8 
12 
16 8 4 
23 10 10 
10 10 12 
i? 11 14 
14 10 
18 10 19 
7 10 15 
20 11 
= 
4 12 19 
14 12 18 
21 11 20 
21 i2 6 
1 12 20 
2 12 13 
9 a2: 
17 16 ¢ 
7 14 16 
20 4 
4 14 12 
10 19 10 
13 15 22 
18 16 20 
23 18 6 
5 16 4 
5 16 14 
11 iy 12 
16 


S Crucis 

U Vulpeculae 
V Centauri 
S Muscae 

R Crucis 

SU Cygni 
TX Cygni 

V Carine 

‘V Geminorum 
T Vulpeculae 
n Aquilee 

V Velorum 

S Sagittae 

T Velorum 

6 Cephei 

S Crucis 

SU Cygni 


S Triang. Austr. 


8 Lyrae 

X Cygni 

V Centauri 

T Crucis 

R Crucis 

T Monocerotis 
T Vulpeculae 
V Velorum 

V Carinz 

U Vulpeculae 
¢ Geminorum 
SU Cygni 

T Velorum 

S Crucis 

W Geminorum 
6 Cephei 

S Nluscae 

Aquilae 


S Triang. Austr. 


V Centauri 
T Vulpeculae 
B Lyre 

V Velorum 
S Sagittz 
R Crucis 
SU Cygni 
T Crucis 

T Velorum 
W Virginis 
S Crucis 

V Carin 
6 Cephei 


Minimum. Maximum’ 
d h d 
Dec. 16 1 Dec. 17 13 
16 14 TS 17 
16 14 18 1 
16 14 20 1 
17 2 
17 O is 8 
6S 22 «68 
19 11 
22 20 13 
£8 23 20 8 
19 11 21 20 
19 14 20 13 
20 2 ao i2 
20 8 21°17 
20 13 Zi 22 
20 18 22 6 
20 20 22 4 
| 23 3 
i090 24 12 
21 20 os: i 
i2 
22 35d 24 6 
22 i3 23 22 
22 23 30 21 
23 10 24 19 
23 23 24 22 
aa 20 26 3 
24 13 26 16 
24 14 29 14 
24 16 26 0 
24 23 26 8 
25 11 26 23 
25 16 
25 20 27 «5 
26 6 29 17 
26 15 29 0 
27 9 29 11 
27 13 29 O 
27 20 29 5 
31 4 
26 63 29 7 
28 11 31 21 
Ze i2 29 21 
28 12 29 20 
28 22 30 23 
29 14 30 23 
30 7 
30 4 31 16 
30 17 32 21 
32 


New or Variable Star.—A cablegram from Kiel Observatory states that 
a new star was discovered by Williams at Hove, England, September 20.674 
Greenwich mean time in right ascension 225 19" and declination + 29° 44’. 
The position is for the epoch 1855. The object is probably a variable star. Its 


magnitude was 9.0 on Sept. 20 and 9.1 on Oct. 3. 


Its color is very 


red. The 


position given is in the constellation Pegasus about four degrees west of the 


star 7. 


ae 
6 
6 
= 6 
= 8 
3 
9 
10 
10 
10 
10 
10 
: 11 
11 
: 12 
12 
: 13 
14 
= 14 
14 
EN 14 
15 
15 
15 
: 18 
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Maxima of Y Lyre. 
Period 12" 03.9". The minimum occurs 1° 40" before the maximum. 


d h d h 
Dec. 1-7 10 Dec. 16-22 12 
8-15 11 23-3113 


Maxima of UY Cygni. 


Period 13" 27™ 275.59. The minimum occurs 1" 55" before the maximum. 


d n d h d h d h 
Dec. 1 15 Dec. 9 11 Dec. 17 s Dec. 25 4 
2 18 10 14 18 11 26 7 
é 21 ie | 17 19 13 27 10 
5 O 13 23 20 16 28 13 
6 2 14 23 21 19 29 16 
7 5 15 2 22 22 30 19 
Ss s 16 5 24 1 31 21 


Maxima of RZ Lyre. 
Period 12° 16™ 15:*.0. 


d h d h da h a h 
Dec. 1 17 Dec. 9 22 Dec. 18 2 Dec. 27 7 

2 18 10 22 19 3 28 7 

4 18 11 23 20 3 29 S 

4 19 12 23 21 4+ 30 Ss 

5 19 i4 0 22 4 31 9 

6 20 15 if) 23 5 

7 20 16 24 5 

8 21 iv 2 26 6 


Algol Variable 154. 1904 Cygni.—Professor W. Ceraski in A. N. 
3970 gives the following elements of this variable as determined by Mr. S. 
Blajko of Moscow: 

Minimum = 1904 Aug. 29, 12" 38™ Gr. M. T. + 34 7" 37".9 E. 
The error of the period probably does not exceed a half minute. At minimum 
the star falls below the 1212 magnitude. 


New Variable Star 155.1904 Persei.—In A. \. 3970 Professor 

W. Ceraski announces a new variable of the Algol type discovered by Mme. L. 
Ceraski on the photographs taken at Moscow. The star is BD. + 49° 740 and 
its position is 

1855 3" 13™ 38°5 + 46° 

1900 3 16 43 .5 49 12.2 
It is ordinarily of about 9.5 magnitude but every 20" 23” it falls to the 11th 
magnitude, the change of brightness occupying about 2% hours. The following 
elements are given: 

Minimum = 1904 Sept. 17, 5" 45™ Gr. M. T. + 205 23™ 11° E. 


New Variable Star 156. 1904 Ceti.—On September 19, 1904, Dr. W. 
Luther at Diisseldorf found a ninth magnitude star in the position 
R. A. = 1° 01" 515.2 Decl. = —1° 59” 43” 
which is not given in the Bonn Durchmusterung. It has been found on nine 
photographs taken at Heidelberg in the years 1902-1904. These furnish the fol- 
lowing estimates of the photographic brightness of the star: 


Mag. Mag. 

1902 Sept. 26.4 12.0 1904 Aug.16.5 9.0 
Oct. 7.5 12.0 Sept. 5.4 9.0 

1903 Sept. 23.5 115. 9.1 
Nov. 9.3 13.0 18.5 9.3 
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GENERAL NOTES. 


Astronomical Exhibits at the World’s Fair.—aA visitor, interested 
in astronomy, who has been at the World’s Fair at St. Louis reports concerning 
the astronomical exhibits. He says those from the Harvard and the Chicago 
Universities consist largely of transparencies, telescopic views enlarged of the 
phases of the Moon, solar eclipses, of the Sun and of star spectra. Our inform- 
ant suggests that too much can not be said in praiseof the German exhibit of 
optical and astronomical instruments, so extensive as to surpass everything else. 
The exhibit of astronomical instruments from the United States is said to be 
meager, Warner and Swasey from Cleveland, Ohio, being the only firm represented. 
Instruments of German make are fine, but America can do generally better than 
appears from this report. In what they do try there are none superior to 
the Warner & Swasey make. 


Introduction to the Study of Spectrum Analysis.—Just as we are 
going to press with our last forms, a new book comes to hand, titled: An Intro- 
ducticn to the Study of Spectrum Analysis. It contains 325 pages and it is 
illustrated with colored plates and 135 cuts. It is written by W. Marshall Watts 
and published by Messrs. Longmans, Green, & Company, London, England, and 
New York. The work deserves a full notice which will appear in our next 
number. 


Arago on Newton.—The translation of Halley's Latin Elogy on Sir 
Isaac Newton which is given by Mr. MecPike in Vol. XII, No. 7, of PopuLar 
AsTRONOMY leads me to offer you a few remarks on some statements with regard 
to the great philosopher in Arago’s Notices Biographiques, not for the purpose 
of endorsing the same but of reprobating them as utterly unworthy of credit. 
Srago Vites (Vol. 111, p. 335). 

‘J'ai appris de Lord Brougham que, pendant la guerre des Cévennes, New- 
ton s'¢tait préparé a aller combattre dans les rangs des Canisards les dragons du 
maréchal de Villars, et qu'une circonstance fortuite l'empécha seule de donner 
suite A ce dessein. Comment le timide Newton se ffit-il conduit sur le champ de 
bataille, lui qui, de crainte de tomber, ne se promenait en voiture dans les rues de 
Londres que les bras étendus et les mains cramponnées aux deux portiéres. On 
concevra d’aprés ce seul fait que la question puisse étre soulevée, et devenir le 
sujet d’un doute.” 

Doubt, indeed! The whole statement is wholly incredible. Lord Brougham 
was born there fifty years after the death of Newton; perhaps he may have 
heard some tradition that the latter may have expressed in conversation sym- 
pathy with the persecuted Huguenots in the Cévennes; but that he ever seriously 
contemplated joining the army led by Villars against them in the way alleged is 
sufficiently refuted by the fact that when that general took thecommandin 1704, 
Newton was in the sixty-second vear of his age, and quite past campaigning. As 
to his habitual timidity (the only reason Arago gives tor doubting the absurd 
story) the only evidence offered for this is his hesitation in speaking in 
public, a very different thing from fearing to ride in the streets without holding 
on by both hands! Demosthenes and Horace, we are told, both showed cowardice 


on the field of battle, but Newton's in a carriage, as told by Arago, is beyond 


credence. W. T. LYNN. 
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Orbit of Castor.—In A.N. 3960 Dr. W. Doberck gives new elements of 
the orbit of this well known double star. He finds that the observations o 
position angle at hand may he fairly well represented by periods ranging all the 
way from 200 to 600 years but that the measures of distance limit the 
period much more closely. He finds as the most probable period 347 years and 
considers this certain within ten or at most twenty years. 


ELEMENTS OF CASTOR. 


(2 == S83" 56’ P = 346.82 years 
As= 32 26 T = 1969.82 
37 a = 6”.756. 

e = 0.4409 


The following ephemeris shows the change that will take place in the position 
angle and distance of the two stars during the next twenty years. 


P.A. Dist. P.A. Dist. 
° ” c ” 
1905 223.6 5.56 1920 216.5 §.13 
1910 221.3 5.46 1925 213.8 4.90 
1915 219.0 §.32 


Occultation of Mars Dec. 1, 1904.—An occultation of Mars by the 
Moon will occur on the night of December 1, astronomical time, or the morning 
of December 2, civil time. It will not be visible in the central and western part 

of the United States. In the eastern states the 
° i. 4 emersion, at least, may be observed but at such 
alow altitude that observations will not be very 
f “She satisfactory. Inthe accompanying diagram the 
/ S. line AB represents the apparent path of Mars 
‘ behind the Moon during the occultation. As seen 
| : from Washington the immersion of the planet 
\ ‘ at A will take place at 14! 06™.9 Washington 
; mean time, or at 2" 15.1 a. m., Eastern Standard 
time. The emersion at will occur at 15" 
O8".1, W. M. T., or 3"16".24. m., E. ST. As 
Seg ee the Moon rises at about 2% a.m. the immersion 
will be observed with difficulty at Washington. 
DEC. 1, 1904. In southern Europe and northern Africa the 
conditions for observing this occultation will be more favorable. 


Comparison of the Features of the Earth and the Moon.— 
Professor S. P. Langley, Secretary of the Smithsonian Institution, Washington, 
D. C., has recently issued an important quarto publication giving a comparison 
of the features of the Earth and the Moon, This study has been before the mind 
of Professor Langley for more than twelve vears. It was years ago hoped by 
him that the rapid advance of photography recently, would soon furnish a 
means of study of the minute features of the Moon that would be equally avail- 
able to the geologist, the selenographer and the astronomer; for the marvelous 
revelation of the sensitive plate in the study of nebule has led the scholars to 
believe that wonderful results might as well be expected in other directions, but 
this expectation has yet been only partially fulfilled. On this account the more 
critical comparison of Earth and Moon, planned for years ago, Professor 
Langley has laid aside for the present. He has, however, published in the 
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volume before us, a memoir of 93 pages, by Professor Shaler, of Harvard College, 
on this theme, accompanying the same by twenty-five of the best photographs 
of the Moon and characteristic features of it, that have been recently made at 
the great observatories of the world. 

Professor Shaler’s memoir gives the result of personal studies carried on for 
a third of acentury. He has devoted one hundred nights to the study of the 
Moon by the aid of the Mertz equatorial of Harvard College Observatory, his 
later attention being given to the photographs of the Moon at Harvard Univer- 
sity with which he has so long been connected. 

This memoir is so carefully prepared and brings the reader su well into the 
first line of practical work in lunar studies at the present time, that a fuller re- 
view of it is desirable. We will try in next month’s issue to complete the notes. 


Gore’s Studies in Astronomy.—A new book is just received, bearing the 
title: Studies in Astronomy. It is written by J. Ellard Gore, and published by 
Messrs. Chatts & Windus, London, England. 

The contents of this book is mainly a series of articles prepared by Mr. Gore 
for scientific magazines during the last few years, which he has recently revised 
and partly re-written and brought down to date, so that all the topies presented 
are brief, comprehensive, and so far as we see, carefully accurate reviews of the 
present state of astronomical science in regard to them. 

The themes are twenty-seven in number, and comprise such as_ the following: 

The size of the solar system; Jupiter and its system; giant telescopes, the dis- 
tances of the stars, the Sun’s journey through space, the story of gamma Vir- 
ginis, the Pleiades, globular star clusters, the Sun’s stellar magnitude, stellar 
satellites, spectroscopic binaries, the darkness behind the stars, the nebular 
hypothesis, stellar evolution, the constitution of the visible universe, etc., ete. 

This partial list shows the kind of topics the author has chosen for this new 
volume. The treatment of these themes shows familiarity with a range of early 
and recent astronomical work that is gratifying to the professional astronomer. 
The simple direct a untechnical language employed throughout the book, brings 
it within the easy reach of popular readers. The facts used and the references 
made furnish reliable data that seem to be chosen with special care making a 
book very valuable for reference, as well as one interesting to read to put a per- 
son in touch with the latest information concerning the topics presented. 

As an illustration, we briefly notice the fourteenth article which treats of the 
Nebular Hypothesis. The author first speaks of its origin, and soon comes to 
Herbert Spencer’s thought whether Creation by manufacture or by development 
is the higher thing. ‘“‘A man can’ put together a machine, but he can not make a 
machine develop itself.” The author thinks the development theory is not in- 
compatible with the power of the Creator. He next compares the views of Kant 
and Laplace, pointing out how each came to the same conclusion essentially, 
but in different ways, in suggesting the essentials of a theory that has stood for 
one hundred years. He notices the objections to the hypothesis that have been 
raised from time to time, put them all into four points, and answers them well 
and fairly, as far as the present state of astronomy can do it. He closes the 
article with a reference to the photographic work that has been done on the 
spiral nebulz and new stars, and he brings this new evidence to bear on the 
nebular hypothesis with convincing effect. What has been said about this topic, 
could be repeated about almost every other. Mr. Gore has given popular readers 
a very enjoyable and a very useful book. May his ready pen continue its ex- 
cellent work—popular astronomy. 


\ 
= 


General Notes. 629 


Tanner’s Elementary Algebra is the latest new book in the modern 
mathematical series that has been, for several years, in course of preparation at 
Cornell University, Ithaca, N. Y. It is published by the American Book Co., of 
Chicago, Cincinnati, New York. The book contains 350 pages besides ap- 
pendices on irrational and complex numbers and the index. It covers the usual 
elementary subjects belonging to Algebra including quadratics, fully treated, 
ratio and proportion, series and the Binomial Theorem. The work is very full 
on the ground it covers, and it is made to meet the requirements of the College 
Entrance Board for Cornell University, which certainly sets a pretty high stand- 
ard for elementary Algebra, if it is meant that the entire contents of the book, ex- 
cepting some of the exercises must be taken for preparation toenter the University. 

Foc those who prefer a shorter course, using the same book, a plan is sug- 
gested on page X, preceding the introduction, 

That the text is thorough, scholarly, and up to date in its plan and develop- 
ment is assured when a mathematician and an instructor of Mr. Tanner’s ability 
is known to have done the work of making it. 


Differential and Integral Calculus by Granville.—This new book 
on the elements of Calculus, is prepared by W. A. Granville, instructor in math- 
ematics in the Sheffield Scientific School of Yale University, with the editorial co- 
Operation of Percy F. Smith, professor of mathematics in the same scientific 
school. It is published by Messrs. Ginn & Company, of Boston, Mass. It con- 
tains 463 pages whick forms one of the most complete books for school text 
use, if not the most complete that has come to our notice in recent years. 

The first chapter is a collection of trigonometrical formulae and tables ar- 
ranged tor ready reference. The second chapter treats briefly of numbers of 
various kinds, including complex numbers, and expressions which reduce to 

0° Speaking of »? the author says, it has no meaning and is therefore ex- 
cluded. The reason for rejecting this as a possible operation is that there exists 
no number such that if it be multiplied by 0 will produce the number a. Hence 
the author says that, ‘division by zero is not an admissible operation.” 

Good mathematicians do not agree in reference to this matter. Chapter 
third considers variables and functions, setting out fully the meaning of these 
terms, as they are used in the Calculus. It is well done. Chapter four discusses, 
the theory of limits. In definition and principle, the author is clear and careful. 
He uses the graphs of the trigonometric functions with good effect in the study 
of limits. With a few exceptions the theorems and proofs usually given in this 
topic are employed in this text. 

At chapter five, page 37, the real work of the Calculus begins, in which the 
operation of differentiation is fully considered. It is first developed in algebraic 
sense in the notation of the Calculus, and then the derivatives are applied to 
geometry for the sake of graphical illustration to make the meaning clear. 

Chapter six deduces the rules for differentiating algebraic functions and the 
various classes of the transcendental functions. 

Under each of these various classes of functions will be found a large number 


of exercises, suitable for the rules they are to illustrate. This chapter covers 


forty pages. In connection with the rules for the circular functions the graphs 
are given. The frequent fine print foot-notes are suggestive and very helpful. 

The applications of the derivative are considered in chapter seven, and the 
range of work given in twenty-two pages is fully up to the best modern require- 
ments for colleges and apparently for the technical schools. 
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Chapter eight deals with successive differentiation, and chapter nine, maxima 
and minima, having a large number of geometrical examples for the application 
of this important feature of the differential Calculus. Chapter ten considers 
points of inflection; eleven, differentials; twelve, rates; thirteen, change of 
variable; fourteen, curvature, radius of curvature; fifteen, theorem of mean 
value and indeterminate forms. To these two last topics sixteen pages are given. 

Chapter sixteen treats of circle of curvature and center of curvature in a 
variety of applications with full geometrical illustrations accompanying the 
same. That idea is worked out capitally. 

Chapter seventeen takes up partial differentiation and employs the special 
notation for it, and interprets a partial derivative, with a geometrical illustra- 
tion. The formulz here derived are put in heavy-faced type for ready reference. 
Chapter eighteen consider envelopes; nineteen, series; twenty, expansion of 
functions. The author, we think, is wise in separating series from the expansion 
of functions. His graphical representation of series to show the interval of 
convergence is just what we have used to give and tangible ideas to students 
who are studying this theme by the Calculus for the first time. When the inter- 
vals of convergence and equivalence and the tests for them can be readily and 
certainly given, the expansions of functions will be carried much more easily. 

Chapter twenty-one has to do with asymtotes, singular points and curve 
tracing. 

Chapter twenty-two applies the Calculus to the geometry of space in nine 
pages and chapter twenty-three gives the graphs of thirty curves for reference 
with the name and equation belonging to each. 

The differential Calculus, as described fills 287 pages of this book, and 187 is 
given to the integral Calculus. The same general plan is adopted in treating 
this part of the text, as is employed in the first part. 

The strong points in the new book are:—Its orderly arrangement, its clearness 
in definition and proofs, its fullness without unnecessary detail, its ample graphic 
illustration, its large lists of exercises its many useful notes and ics finely printed 
pages. Those who will master this book in a year’s study will know something 
abvut the elements of the Calculus. 


The Royal Astronomical Society of Canada.—A pamphlet of 144 
pages containing the selected papers and proceedings of the Royal Astronomical 
Society of Canada, for the years 1902 and 1903 has been received. It is edited 
by Arthur Harvey, F. R.S.C., having as a trontispiece, a fine picture of the 
late George Edward Lumsden, president of the Toronto astronomical society in 
1900 and 1901. Those who know of the strong Toronto astronomical society 
will notice that the association has been reorganized, and apparently put on a 
permanent basis for scientific work. Besides the usual officers, it has alimited list 
of fifteen honorary fellows, and a limited list of twenty-four corresponding fellows. 
Seven of the honorary fellows are from the United States. Fourteen of the 
twenty-four corresponding fellows have been selected already, and three of 
these are American astronomers. There are also patrons, life fellows, asso- 
ciate, and foreign members. Under the new organization and in the new name, 
this Roval Society seems to stand on a par with those of the other English 
possessions. 

It is the purpose of the publication to make a record of important papers pre- 
sented to the Society and the business transacted by it. 

This volume contains fourteen papers with title as follows: A history of the 
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Magnetic and Meteorological Observatory at Toronto; A catalogue of Aerolites, 
Shooting Stars vs. Uranoliths, Astronomicalf$equipment of Canada, Greenwich 
Observatory, To be an Astronomer, the Sun and Solar radiations, the Moon, 
the Earth as a planet, Radium, The Spectrum of Uranium, the Constitution of 
matter, Seeing a storm through a telescope, Variability of the light of the stars. 
Womens’ work in Astronomy. This first volume under the new organization is 
very creditable one. 


Errata.—The misprints on page 571, last issue, in Mr. McPike’s note are 
regretted. Confusion might arise over ‘“‘Rigurd’’ which should read “Rigaud.” 


PUBLISHER’S NOTICES. 


Contributors are asked to prepare copy caretully, and write all proper 
names very plainly. If other language than the English is rsed to any consider- 
able extent it should be type-written. Manuscript to be r_z:urned should be ac- 
companied by postage for that purpose. 

All Drawings for publication should be done in India ink, twice the size 
that the cut will be on the printed page. The lines, figures and letters should be 
made even, very smooth and uniformly black in every part of the copy, in order 
to secure the best reproductions possible by the modern quick processes of en- 
graving now most generally used. 

Proofs will generally be sent to authors living in the United States, if copy 
is furnished before the tenth of the month preceding that of publication. We 
greatly prefer that authors should read their own proofs, and we will faithfully 
see that all corrections are made in the final proofs. 

Renewals.—Notices of expiration of subscription will hereafter be sent with 
the last number of this publication for which payment has been made. It is 
especially requested that subscribers will send renewal, or order for renewal 
promptly as this publication will not be continued beyond the time for which it 
has been ordered. 

Astronomical News.—It is very much desired onthe part*of the manage- 
ment, that brief news paragraphs of astronomical work in all the leading obser- 
vatories of the United States be furnished to this publication, as regularly and as 
otten as possible. 

The work of amateur astronomers, and the mention of “personals” concern- 
ing prominent astronomers will be welcome at any time. 

The building and equipping cf new observatories, the manufacture, sale or 
purchase of new astronomical instruments, with special reference to improve- 
ments and new designs, and the results of new methods of work in popular 
language, will be deemed very important matter and will receive prompt atten- 
tion. Appropriate blanks have been prepared and will be sent out generally to 
secure this important information. It is greatly desired that all persons inter- 
ested bear us in mind and promptly respond to these requests. 

Messrs. Wm. Wesley & Son, 28 Essex Street, Strand, London, England, 
are our sole European agents. 

Reprints of articles for authors, when desired, will be furnished in titled 
paper covers at small cost. Persons wanting reprints should order them when 
the manuscript is sent to the publisher. ‘hey cannot be furnished later with- 
out incurring much greater expense. 

Subscription Price to Popular Astronomy in the United States, Can- 
ada and Mexico is $2.50 per volume of 10 consecutive numbers. 
ume of 10 numbers to foreign subscribers $3.00. 

All correspondence and all remittances should be sent to 


Wma. W. Payne, 
Northfield, Minn., U.S A. 


Price per vol- 


